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INTRODUCTION 


The present paper is one of a series (9, 36, 38) * from this Bureau 
dealing with the chemical composition of certain crop plants at differ- 
ent stages of growth and development. The object of these studies 
was to determine the nature and percentage of the more important 
components of the plant, both structural and nonstructural, as well 
as to ascertain their possible interrelationships, with a view to learn- 
ing more about the formation of lignin by the growing plant and the 
mechanism involved in the process of lignification. 

This paper reports a study of the composition of several parts of 
the oat plant at different stages of development. Samples were taken 
at weekly intervals, beginning 1 week after the plants emerged and 
continuing until they became mature and senescent. Inasmuch as 
growth is a dynamic process, results giving only the percentage com- 
position of a plant at different stages of development may be decep- 
tive and misleading, for an increase in the percentage of one component 
may not necessarily indicate an actual increase in the absolute quan- 
tity of this constituent, but may be due rather to a diminution or 
translocation of some other component or components. Accordingly, 
in this investigation not only were the percentages of the more im- 
portant constituents determined, but their absolute quantities were 
also ascertained at successive stages of development of different parts 
of the oat plant. In view of the fact that the primary object of this 
investigation was to study the development of lignin in the plant, no 
chemical examination of the grain at different stages of development 
was undertaken. 

REVIEW OF LITERATURE 


A review of the literature relative to the composition of certain 
plants at different stages of growth was presented in a previous paper 
(38). In this paper, a review will be given of the more recent litera- 
ture on the subject, together with a résumé of the older publications 
that are of particular interest in connection with the results of the 
present investigation. 


! Received for publication May 6, 1939. Investigation conducted in cooperation with the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Idaho 
Agricultural Experiment Station. A résumé of this paper was presented on April 6, 1939, at the ninety- 
seventh meeting of the American Chemical Society, held at Baltimore, Md. 

? The writers express their thanks to T. R. Stanton, of the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, for many helpful suggestions made in the course of this investigation. 

3 Italic numbers in parentheses refer to Literature Cited, p. 363. 
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About 90 years ago the American agricultural chemist Norton (32), 
working in the laboratory of the Agricultural Chemistry Association 
of Edinburgh, Scotland, made an extensive study of the composition 
of the oat plant at different stages of growth. He determined the 
percentage of ash as well as the chemical composition of the ash in 
the clums, leaves, knots (culm nodes), chaff, and grain. He found 
that the percentage of ash in the leaf and in the chaff increased 
steadily as the plants grew older, while in the stalks, after an initial 
increase, it decreased as the plants matured. The percentage of ash 
in the knots was found to be greater than that in the entire stalk. 
He also reported that there was a difference in the percentage of ash 
yielded by different parts of the same stalk. There was not, however, 
a regular gradation in the percentage of ash from the top of the stalk 
downward. 

Collins and Spiller (7) reported that green oat straw may contain 
approximately 6 percent of sugar, mostly invert sugar, while fully 
mature straw contains practically no sugar. 

Rogozinski and Starzewska (41) determined the percentage of ash, 
crude fiber, pentosans,and methoxyl at successive stages of growth 
of the oat plant. Lignin was not determined directly, but was calcu- 
lated from the percentage of methoxyl found, the assumption being 
that the percentage of methoxy] in lignin from cereal straw is 13.50 and 
that lignin is the only methoxyl-containing substance in the oat plant. 
It is now known, however, that this assumption is not true, so that 
their lignin values cannot be accepted without reserve. Their results 
showed that the percentage of crude fiber, pentosans, methoxyl, and 
lignin increased as the plant grew older, while the ash decreased. 

Fagan and Watkin (1/3) found that the crude protein in the leaves 
and culms decreased rapidly with the increase in the age of the oat 
plants. The percentage of ash in the culms at first increased, and then 
decreased somewhat as the plants matured. The percentage of ash 
in the leaves decreased steadily with the inerease in the age of the 
plants. 

Wagner (47) reported that during the later stages of development of 
the oat plant there was a constant decrease in the weight of the leaves 
and culms. This, however, did not apply to the top growth of the 
plants as a whole. 

Phillips and Goss (38), in studying the composition of the leaves 
and stalks of the barley plant at successive stages of growth, found that 
after an initial increase the percentage of ash and nitrogen declined 
steadily as the plant matured. The percentage of methoxyl in the 
original and in the extracted plant materials increased with the age of 
the plant. The percentage of alcohol-benzene and cold- and hot-water 
extractives declined, though not regularly, as the plant became older. 
The percentage of uronic acids increased somewhat during the early 
development of the plant, and then declined as the plant matured. 
The percentage of the furfural-yielding components, as well as the 
percentage of pentoses calculated as pentosans, increased as the plant 
matured. The percentage of cellulose, Cross and Bevan cellulose, the 
furfural-yielding fraction of Cross and Bevan cellulose, and lignin, as 
well as the percentage of methoxy] in the lignin, also increased regularly 
as the plants developed and matured. No direct evidence was obtained 
that the barley plant synthesizes lignin from cellulose, pentoses, or 
pentosans. 
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Norman (29) and Norman and Richardson (30), who studied the 
composition of ryegrass (western wolths, Lolium multiflorum) at 
different stages of development, found that the percentage of cellulose, 
xylan in the Cross and Bevan cellulose, and lignin increased progress- 
ively with the age of the plant. No direct determination of the poly- 
uronide hemicelluloses was made, but from the percentage of furfural 
found it was concluded that they did not increase regularly and were 
lower in the mature grass than in the young grass. A water-soluble 
fructosan was found in considerable quantity in the younger plants. 
The maximum percentage of the fructosan was attained at about the 
time of full emergence of the head, and it then decreased as the 
plant matured. 

Many suggestions are found in the literature concerning the nature 
of the parent substance and the possible mechanism involved in the 
synthesis of lignin by the plant. Most of these suggestions are either 
purely speculative or are based on indirect or fragmentary evidence. 

Klason (20) believes that lignin is formed by the plant from pentoses 
or methyl pentoses and that coniferyl alcohol (or coniferyl aldehyde) 
is an intermediate product formed in the process. This view is also 
shared by Von Euler (/2). 

Rassow and Zschenderlein (40) point out that plant materials with 
a high content of lignin have a low content of pentosans, and vice versa. 
They suggest, therefore, that lignin, at least in part, is built up by the 
plant from pentosans. 

According to Odén (33), pentoses are first converted into methyl 
pentoses, and these are then condensed to form benzofurane derivatives 
from which lignin is synthesized. 

Green (17), Cross, Bevan, and Beadle (8, pp. 177-181), Kénig and 
Rump (21), and Fuchs (14, 15) have suggested that lignin is formed by 
the plant from cellulose. 

Schrauth (45) and Jonas (19) believe that soluble carbohydrates, 
such as pentoses and hexoses, particularly glucose, are utilized by the 
plant in the formation of lignin. Casparis (6) believes that the 
carbohydrates of the cell wall are the precursors of lignin. 

According to an older view of Wislicenus (48), lignification is a 
process whereby the sum total of the dissolved hydrosols in the 
cambial sap is deposited upon the cellulose fiber. In a more recent 
publication (49), however, he suggests that while glucose is utilized 
by the plant in the formation of cellulose, fructose is used similarly 
in the synthesis of lignin. 

The possibility of a biogenetic relationship between pectin and 
lignin has been considered by several investigators. It has been ob- 
served by Candlin and Schryver (5) that pectin is found rather abund- 
antly in young and nonlignified tissues, while plants rich in lignin 
are relatively free from pectin. Ehrlich (11) isolated from a hydro- 
pectin of flax a fraction that resembled lignin in certain respects. 
Accordingly, he suggested that pectin is the precursor of lignin. The 
evidence for this, however, is not convincing. 

Buston (4), in his studies of the process of lignification of the rose 
plant, proved definitely that lignin is not produced at the expense of 
the pectin. While in the later stages of the development of the plant, 
the lignin content increased considerably, the absolute quantity of 
the ‘pectin did not decrease but actually increased. He concludes, 
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therefore, that “‘lignin does not arise from pectin, but more probably 
from some carbohydrate related to the glucosan-xylan series with 
members of which series it is usually associated in the plant.” 

According to Zherebov (50), primary lignin contains no methoxy] 
groups, and he therefore considers that lignification is a process by 
which methoxyl groups are accumulated. While lignin from a fully 
mature annual plant contains a higher percentage of methoxyl than 
lignin from an immature plant, it has been repeatedly demonstrated 
in this laboratory that lignin from even a very young plant always 
contains some methoxyl. 


MATERIAL AND METHODS OF ANALYSIS 


The oat plants (Avena sativa L., Victory variety) used in this in- 
vestigation were grown under irrigation at Aberdeen, Idaho. The 
type of soil in that locality is described as an Aberdeen silty clay loam, 
The oat seeds were sown on April 24, 1936, and the young plants 
emerged on May 6. The age of the plants was calculated from the 
day they emerged. The first harvest took place in the morning of 
May 13 and subsequent samplings were made at weekly intervals, at 
approximately the same time of the day. The plants were taken up 
by the roots, freed from soil, and counted. The roots were then cut 
off from the culms, freed from the mother seeds, thoroughly washed in 
running water, and freed as nearly as possible from adhering soil. 
The culms and roots were dried in a steam oven at 50°C. and then 
spread out in the laboratory and allowed to air-dry. During heading 
time (when the plants were 63 days old and at each subsequent harvest 
period until maturity), the heads were cut off, and these were separated 
into grain, chaff, and rachises and branches of the panicles. With 
the exception of the samples from the first two harvest periods, all 
analyses were made on air-dried materials. Separate samples were 
taken for moisture and ash determinations, and the analytical data 
were then calculated on the moisture-free and ash-free basis. For 
most of the analyses, the plant materials were ground in a Wiley mill 
fine enough to pass through a 60-mesh sieve. Plant material ground 
to pass through an 80-mesh sieve was used for the determination of the 
percentages of material extracted by alcohol-benzene, cold and hot 
water, and 1 percent of hydrochloric acid as well as for the determina- 
tion of lignin. 

The following determinations were made: 

Moisture.—A weighed air-dry sample of the material was dried at 
105° C. to constant weight, and the loss in weight was determined. 

Ash.—Ash was determined by igniting a weighed sample in an 
electric muffle furnace at 600° C. and weighing the inorganic residue. 

Nitrogen and crude protein.—All nitrogen determinations were made 
by the Kjeldahl-Gunning-Arnold method (2, p. 25). The nitrogen 
values were also calculated as percentages of crude protein (N 6.25). 

Methoxryl in original plant material—The percentage of methoxy] 
in the original unextracted plant material was determined by the 
method described by one of the writers in a previous publication (35). 
The methyl iodide was absorbed in pyridine. 

Methoryl in extracted plant material—The plant material was 
successively extracted with a 1:2 alcohol-benzene solution, cold water, 
hot water, and a 1-percent hydrochloric acid solution, by the pro- 
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cedure hereinafter described for determining these extractives, and 
the percentage loss in weight due to these extractions was determined. 
The percentage of methoxyl] in the extracted plant material was then 
determined by the method used for the determination of methoxy] in 
the original unextracted plant material, and the result was calculated 
on the basis of the original unextracted moisture-free material as 
well as on the ash-free basis. The extraction operation removed 
alcohol-benzene-soluble and water-soluble methoxyl-containing sub- 
stances as well as any methoxyl groups occurring as methyl esters of 
organic acids, such, for example, as are found in the pectins. The 
percentage of methoxyl found in the residual extracted plant material 
represents essentially lignin methoxyl, together with some firmly 
bound methoxyl (present in etherlike combination) occurring in 
other components of the plant. 

Alcohol-benzene extractives —These were determined by extracting 
a weighed sample of the material in a Soxhlet extractor for 30 hours 
with a 1:2 aleohol-benzene solution, and ascertaining the loss of weight. 

Cold-water extractives.—To the weighed sample of the dry material 
extracted with alcohol-benzene solution, distilled water was added 
in the proportion of 150 cc. to 1 gm. of sample, and the mixture was 
allowed to stand at room temperature, with frequent stirring, for 48 
hours. The insoluble material was filtered off and dried at 105° C., 
and the loss in weight was determined. The filtrate was added to a 
2-liter volumetric flask and made up to the mark with distilled water 
(solution A), and 1,000 cc. of this solution was transferred portion- 
wise to a weighed porcelain dish, and evaporated to dryness on the 
steam bath. The residual material in the dish was ignited in an 
electric muffle at 600°, the weight of ash was determined, and the 
total ash in solution A was calculated. Two 250-cc. samples of solu- 
tion A were taken for nitrogen determinations by the Kjeldahl- 
Gunning-Arnold method (2, p. 25), and the total nitrogen found 
was calculated as grams of crude protein (NX6.25). The loss in 
weight due to extraction with cold water, previously determined, 
minus the combined weights of ash and crude protein in solution A 
was calculated as percentage of the original moisture-free and ash-free 
material. 

Hot-water extractives——To the weighed sample of the dry residue 
from the cold-water extraction, distilled water was added in the pro- 
portion of 150 cc. of water to 1 gm. of sample, and the mixture was 
boiled under a reflux condenser for 3 hours. The insoluble material 
was filtered off and dried at 105° C., and the loss in weight was de- 
termined. The combined weights of ash and crude protein in the 
filtrate were determined as described in the preceding paragraph and 
deducted from the loss in weight resulting from the hot-water ex- 
traction. The result obtained was caiculated as percentage of the 
original moisture-free plant material and also as percentage of the 
original moisture-free and ash-free material. 

One-percent hydrochloric acid extractives——The weighed sample of 
the plant material that had been successively extracted with alcohol- 
benzene solution, cold water, and hot water, as described above, was 
treated with a 1-percent hydrochloric acid solution in the proportion 
of 150 ce. of acid solution to 1 gm. of plant material and boiled under 
a reflux condenser for 3 hours. The remainder of the procedure was 
the same as that described under cold-water extractives. 
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Total extractives.—The total extractives are the sum of the percent- 
ages of the alcohol-benzene, cold-water, hot-water, and 1-percent 
hydrochloric acid extractives. 

Uronic acid anhydrides—The uronic acid anhydrides were deter- 
mined in the unextracted material according to the procedure recom- 
mended by Dickson, Otterson, and Link (10), as modified slightly by 
Phillips, Goss, and Browne (37). The uronic acids are present chiefly 
in the pectins and in the hemicelluloses. 

Total furfural—Furfural was determined in the original unex- 
tracted plant material by the method of the Association of Official 
Agricultural Chemists (2, pp. 344-345), which was the method de- 
veloped by Tollens and his coworkers, particularly Kréber (22). The 
weight of furfural corresponding to the weight of furfural-phloroglu- 
cide was obtained from Kréber’s table (2, pp. 641-643). 

Pentosans.—Pentosans represent the difference between the total 
furfural and the furfural derived from the uronic acids calculated as 
percentage of pentosans. 

When uronic acids are boiled with 12-percent hydrochloric acid, 
as in the determination of pentosans, they are decomposed into fur- 
fural, carbon dioxide, and water. While the yield of carbon dioxide 
is quantitative (this fact is the basis of several methods described in 
the literature for the quantitative estimation of uronic acids), the 
yield of furfural is not. Lefévre and Tollens (25) distilled glucuronic 
acid anhydride and derivatives of this compound with 12-percent 
hydrochloric acid, under the experimental conditions prescribed for the 
determination of pentosans, and showed that the weight of furfural phlor- 
oglucide produced amounted to one-third of the weight of glucuronic 
acid anhydride present. By substituting the weights of furfural taken 
from Kréber’s table (2, pp. 641-643) for the weights of furfural phloro- 
glucide obtained by Lefévre and Tollens in 12 determinations and on 4 
different products, it was calculated that their average yield of fur- 
fural amounted to 19.11 percent of the weight of glucuronic acid 
anhydride, or the ratio of furfural to glucuronic acid anhydride was 
1 to 5.23, Norris and Resch (31) distilled euxanthic acid with 12-per- 
cent hydrochloric acid and found that the average yield of furfural in 8 
determinations amounted to 21.48 percent of the weight of the glu- 
curonic acid anhydride so that the ratio of furfural to glucuronic acid 
anhydride was 1 to 4.66. The mean value of the two ratios is 1 to 
4.95. The yield of furfural from galacturonic acid anhydride is given 
by Norris and Resch (31) as 23.50 percent of the weight of the uronic 
anhydride so that the ratio of furfural to galacturonic acid anhydride 
is 1 to 4.26. Accordingly, to determine the percentage of furfural 
corresponding to the uronic acids present, the percentages of the latter 
were divided by the factor 4.60 (mean value of 4.95 and 4.26. Thus, 
percentage of uronic acid anhydride . 

7160 = Percentage of furfural derived 


from the uronic acids. In this calculation it is assumed of course (1) 
that in lignified plant material both glucuronic and galacturonic acid 
are present and in the proportion of 1 to 1, and (2) that the yield of 
furfural from glucuronic acid is not affected by the presence of galac- 
turonic acid, pentoses, hexoses, etc., and (3) that the yield of furfural 
from galacturonic acid is not affected by the presence of glucuronic 
acid, pentoses, hexoses, etc. However, it is believed that a reasonably 
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close approximation of the yield of furfural derived from the uronic 
acids is obtained by the above-described method. In the present 
state of knowledge of the composition of the plant cell wall, it is not 
possible to obtain results of greater precision and accuracy. The 
difference between the percentage of total furfural and the percentage 
of furfural derived from the uronic acids when multiplied by the factor 
1.71 gives the percentage of pentosans, that is, the pentosan fraction 
associated with the Cross and Bevan cellulose plus that present in the 
polyuronide fraction. 

Cross and Bevan cellulose—The weighed sample contained in a 
60-cc. sintered-glass crucible (porosity 2 to 3) was placed in a 150-ce. 
beaker, and a boiling 1 to 2 alcohol-benzene solution was added to 
within one-half inch of the top of the crucible. As the solvent drained 
into the beaker, more alcohol-benzene solution was added until the 
level of the solvent in the beaker was the same as that in the crucible. 
The beaker, covered with a watch glass, was then placed on the steam 
bath and allowed to remain there for one-half hour. The tempera- 
ture of the steam bath was so regulated that the alcohol-benzene 
solution in the beaker was just below its boiling point. The solvent 
in the crucible was removed with suction, and the extraction with 
hot aleohol-benzene solution was repeated twice, and then was 
extracted with hot 95-percent ethanol. The extracted plant material 
in the crucible was washed with boiling water, the excess water was 
removed with suction, and the crucible and contents were allowed to 
cool to room temperature. The plant material was then alternately 
chlorinated and digested with a 2-percent sodium sulfite solution, 
then bleached with a 0.1-percent potassium permanganate solution, 
and finally treated with a sulfurous acid solution, as described by one 
of the writers in a previous paper (35). The bleached Cross and 
Bevan cellulose was removed from the crucible with the aid of a glass 
rod, and the cellulosic material, as well as the nearly empty crucible, 
was placed in an 800-cc. beaker. Three hundred cubic centimeters 
of boiling water was added to the beaker, and the mixture was digested 
on the steam bath for 2 hours. The crucible was removed from the 
beaker, and any adhering cellulosic material was washed into the 
beaker. The contents of the beaker were then added portionwise 
to the crucible, filtered, washed successively with hot water, 95-per- 
cent ethanol, and ether and finally dried for 4 hours at 105° C. and 
weighed. The percentage of ash in a portion of the Cross and Bevan 
cellulose was determined, and the percentage of ash-free Cross and 
Bevan cellulose was then calculated. 

Furfural and xylan from Cross and Bevan cellulose.-—This deter- 
mination was made by the same method used for the quantitative 
estimation of the total furfural in the plant materials. The per- 
centage of furfural was calculated on the basis of ash-free Cross and 
Bevan cellulose. From the percentage of furfural thus found, the 
percentage of xylan in the ash-free Cross and Bevan cellulose was 
calculated. The xylan in the Cross and Bevan cellulose was also 
calculated on the basis of the original moisture-free and ash-free 
material. 

Cellulose.—The percentage of xylan in the Cross and Bevan cellu- 
lose was deducted from the percentage of Cross and Bevan cellulose, 
and the result was expressed as percentage of cellulose in the original 
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moisture-free and ash-free material. Thus if X equals the percent- 
age of xylan in the Cross and Bevan collulose and Y the percentage 


a 


- 
of Cross and Bevan cellulose, then } —AXT = percentage of cellulose 


Reducing and nonreducing sugars.—The sugars were extracted from 
the weighed sample (10 gm. plus 3 gm. of calcium carbonate), the 
alcoho] was removed, and the sugar solution was cleared according 
to the method of the Association of Official Agricultural Chemists 
(2, pp. 134-1385). The reducing sugars were determined by the 
method of Munson and Walker (2, p. 479), and the results were 
calculated as percentage of dextrose in the original moisture-free 
und ash-free material. 

The nonreducing sugars were determined in an aliquot of the 
sugar solution by the method of the Association of Official Agri- 
cultural Chemists (2, pp. 341-342), and the results were calculated 
as percentage of sucrose in the original moisture-free and ash-free 
plant material. 

Extractives for lignin determination.—The extractions with 1:2 
alcohol-benzene solution, cold water, hot water, and 1-percent boiling 
hydrochloric acid solution were carried out as already described, 
except that no corrections were made for the crude protein and the 
soluble ash in the extract. The total percentage loss due to these 
extractions was calculated. 

Lignin.—This was determined in the extracted plant material by 
the method of Goss and Phillips (1/6). The nitrogen in the lignin, 
determined by the Kjeldahl-Gunning-Arnold (2, p. 25) method, is 
reported in the tables as percentage of the crude lignin and also as 
percentage of the original moisture-free and ash-free plant material. 
The carbohydrates generally associated with lignin in the plant do 
not interfere with the determination of lignin by this method (39). 

Methoryl in the crude lignin.—-Methoxy] was determined in a por- 
tion of the crude lignin by the method already referred to. The 
result was calculated as percentage of the ash-free crude lignin. 

Methoxyl in pure lignin.—The percentage of methoxy] in the crude 
lignin was determined, and the result was calculated on the basis of 
ash-free and crude protein-free (N X 6.25) lignin. The term “pure 
lignin,” as used here and in the tables, has been defined in a previous 
communication (38, p. 307). 


RESULTS 


The results obtained are recorded in 9 tables and illustrated graph- 
ically in 9 figures. Tables 1, 2, 3, and 4 show the percentage com- 
eo” ’ ’ ’ e 
position of the culms, sheaths, and leaves,® the chaff, the rachises and 
branches of the panicle, and the roots, respectively, of the oat plant 
at different stages of growth. 
* The data relating to the last three harvest periods of the culms, sheaths, and leaves, shown in the graphs, 
represent in all cases the mean values of the percentages in the lower, middle, and upper thirds of the plants. 


5 The culms, sheaths, and leaves were considered as a unit in obtaining the various data recorded in this 
paper. 





327 


»f Oat Plant 


‘8[qB} JO pUa das ‘se}0U}00] 104 





on ¢ 


96% |'z [61% 120°IT |--parqg aeddn ‘gr 
ZZ = |88"T : P41Y} O[Pprur ‘eT 
; : |” ~ Parq} Jomoy ‘CT 
~~“ parg) toddn ‘pt 
P1Y4 O[PprUT “FT 
|” ~ PaIY} JOMOT “HT 
|~~ pary3 toddn ‘gy 
Paryy eTpprar ‘eT 
P4Iy} JOMOT 


c% 
62 
ZI 
|re 
8 
29 
69° 
86 
90° 
26 
# 


it 


Dad gi sth ad ad as ad wi 


1S 05 SS 


WS 05 05 aS a aS a aad 


~ 
x 
~ 
=> 
= 
~F 
= 
ow 
~ 
~ 


~ 


MMH 


{ Lignin in 


tragnr<d 
Said ti ot gi wi 


1% 
tI 


SSrswaa- 


wn oO 


€ shod 


Format 


sjueyd | 


- | ? SOAI}OBI3 . . t [B19 [81103 ed . [B1103 = 
Peppard | (S9PHP | saanoeyxe | -xe plow | seatjovszxe | soayjoelyx0 — wu juejd | -vur ued eae aay Bul ued 1310) 3° 23V 
Lager ie dnd 18}OT, [Os0PYOosPAY) 1097WM-JOH | IO VA-PFON | ooo) 1 peqo8l3xe eurs110 -oad apnag |. [euy140 ul ysy 
WEE THIOL [SpWs opaosH aac hd 


“ON 180418] 


1, 1939 


Sept 


yinosB fo sabpjs yuasaf{ip yo syunjd yvo fo saavaz pun ‘syzDays ‘swpno fo ,uowrsodwoj— | @IaV J, 








0, No 


5 


Vol 





“UlUST] OPN4d 90Jj-YsB JO oF} Ua0I0d 
*[vI4ej8U yUBld [BUZTI0 Jo oFeyUV0I0d 
“UUs, OpNsd jo ese} UE0I0d 











SB POW[NI[VH » 
SB pozBpNa[By) , 
SB poyepnoyBy » 















* @SO[NI[IO UBAVG PUB SSO1_ 901j-YsB JO 93e,UI0I0d SB PoIB[NI[VH » 
“SP10B OTUOIN WIOIJ [BINJINJ 1OJ P9JDV1I0OH ¢ 
[BIJ9IVIO YUBTU PoJIB.QXOUN [BUISTIO OY} UO pazBlNo[wo szyNseyY ¢ 
*[B1J94VUI 90lJ-YsB puB (°H SOT) PIP-UeA0 UO pazE[NayBo 10M GT 














"[8]19} BUI JUBTd 991j-9IN{SIOU! [BUIZIIO JO axB]UBOIOd SB Poye[NITBH ; UUINIOO U! GSOY} {[BIIOIVUI ("ED SOI) Pe4P-U9AO UO Pa}B[No[vo 9JOM Y UUINTOO UT S}[NsexY 1 
= #2 OT 2° =|FE OL |Z8°6 |61 OF 9¢° ro 8" t¥'6 (OFS (SL 6I (Ze ZI 2" 19% “#% |SOT |~~parq3 seddn ‘ey 
> 68 ‘91 *  |28°IL |@1 ‘Ol ° |Ie° |g o'6 «|IS'S ibe Or |KO ‘ZI 0" 19°%% SOT =| “P44? OTPPrur ‘eT 
2 68 “LI 26 OL FIL 6 Ze et" €" 1Z OL |OL 6 (220% \20 EI g PL ZZ |SOT | ~~ PAI} Jeaoy ST 
> 28 ‘91 * |G O |22°6 6e° jst’ ig SZ OI (02'6 |€G 0% Teer iL’ |8€ FZ |86 |~ paty3 doddn “py 
> eh 21 ~ 109 OL |29°6 Zg* +e° 9° £Z OL |12'6 ’ q 8" |6F 8% |86 | P4ly} O[Ppiar PT 
& PSI ‘8 9€ > 89 OT | 19 6 |0° \06 "8% |$6 |~~patq? Jomoy ‘FT 
28 ‘91 8 y% (08% (OFT |IET [0 19°8 (892 (08 '6T [SF ZI |9° |98 “8% | 16 |~~ parys Joddn ‘et 
 S be ‘LI ‘8 61'S |88% S6'T [921 [6 O16 |IZ'8 |82'61 9221 |0" I “cS |16 | P4Ig? @[ppraz “er 
~— 29°L1 ; 6 06'T (62°T |O8'T |[29'T |F* 10 OL |\96'8 (69°02 |PE eT IF" |FL %z |16 “p4lq} JoMol ET 
> PL SI 8 wiz 2481 62 [162 @ 46°83 262 (08 02 60 EI @ 96 0% | ¥8 Hes 7 
= LST ‘L 89°F isl’ StS 685 ¢° LL’8 |€8°2 |68°0C |ZF'SI 0° |8Z OZ LL Ae a 
> 82ST ‘L 1S > OFF [9b Lod (6° 86°8 |ZZ°8 (86 ‘0% |8F ‘ET 6" 9% 8S OL are 
‘S 60 SL ‘9 : fckee Saha | "lr" $0°6 |€8°2 (880% |Z1 CI r 76 8% 0 . ge 
~ LL GI * BS [82'S [O19 |Lb'S [¢'6Z 68°9 (LID (26°81 2% ZI ’ 4081 |98 ecb Pe 
= | 6 g ‘¢ |90'€ |e |242°% |9 ‘9% 26'9 |96°S |29°0% |0e SI 09 ‘91 |6F = 
‘ 629 % gst 22 L4Le | SS oes (89°F (6 LT OS TT 06 TT |2F : 8 
~ £6 'S T 1G @2 1 8c LOT FC SOS (62°) (ef SI e811 OF OL |Sf E-@ SE 
> ge °¢ z Z¢° St Slt (6 21% Ore (62°F |It 61 Lb ZI 12% OT |SZ Ps me 
> 86S oT SI@ 6L°T |€l'T |€60 (21% [G21 [Ze F |9e'S [96 '9T |68 OI 32) Za meeteeecey oa 
Ss SI > T | : T€'8 (FL ee, 
= £9 't ; I 3 Cee 1¢'8 |Z : ai 
= ‘Pd a dT ‘Pd | ‘Pd | ‘Pd | Pd | Pd | Pd | “Pd | ‘Pd | ‘Pd ‘Pd | "Pd ‘Pd | shoq | 
Ss — eee | ee - = a aE —— — — —V eee EE — —— ae - —EE SS OS eS a a Se —_ — 
:@ i 2:Viev a Vv a Vv a Vv a V a v a V a Vv ii 
— . 2 | ee ¢ UOTWe — — ” 2 Leesaghimnenes = » 9S0] one . — 
-UyUe} . _ -n{]90 
UUs | ey |e WIUST -ep uyu po op ©) | ueaeg 
..nd,, 2 aelj-YsB “31 OJ Bm Z. pue sjuetd ‘ON 1S0AI8H] 
uy [Axo usy. ay [Axo uyu3t] opnio ejdures | (es0l0Ns sBW = (aso) XOp syseq “O Ss01g) | aSO[NITI0 joo3y 2 
“UPN j “Yww it nt m ulusry =| UlseAt}| sIVsns Zur | se) sIvsins asorni[ag —e —) wo UvAOg  ¢ SUBSOIUOT 
y SOeeOENS -081jX9 | -ONPAUON | Zuponpey - jeinj | puessoig 
[810] ; Mees J an -ing 
u usaog pus . 
ss0ig Ul UBAYX 
1 ponuyu0g—y)no.6 fo sabpjs yuasaf{ip yo syunjd yoo fo saana) pun ‘syyways ‘swupnd fo uouisodmoj— | ATAV I, 
2 _ - - —_* 






@SO[N][90 UBAVG PUB SSOI~) 90JJ-YSB JO o3vIUGDIJEd SB PezB[Ny[B’ + 
*SPl0W O1U0i1N UWIOI) [BINJINJ JO} Pe409110OH ¢ 
*[BL9IVUl JuBid P9j0BIZX9UN [VUISTIO OY} UO PaqeiNI[BOH ¢ 
*[BL19} BUI 904J-YISB PUB (°C SOI) PelIp-deA0 Uo peqw[No[es aiem gf 
UUIN[OO Uy esOY) ‘[BII9O}eUI (°C GOT) PelIP-UeAO UO PezeTNI[ed o19M Y UUIN]OS Uy S}[NSex 


329 


“UIUDI] 9PNJO 9a1j-Yyse jo 958jUG0Jed SB pazv[N re, 

*[B119}VUL JULI [BUIZIIO Jo OFe}JUGOIEd SB PezE[NI[VH , 

“‘MIUSI[ OPNIO Jo o#8IUGOJEd SB PEZB[NI[VH » 

*[B1194BUI JUB[G 90JJ-81NISIOUI [BVUIZTIO Jo exe UVIad S¥ PEzE[NIIVH » 








' | { 


cO'1e |46°6 3 4 B ft" : Fr. . , : ; ; “8 | FE" 8'SE |€ '6z 
12 2S |82 OL ‘ . °c Pd . ‘ ‘ . 7 ‘ ‘ 18 "¢7. IFO" Zz ‘oe 
JOT "2b |92 “OL ’ 
96 ‘OF |co 6 
|68 ‘OF |SZ 6 
L¥ 7% |00 ‘or 
96 61 |#S" 
"el . 


ROR ORS 
wt 
ee} 


of Oat Plant 





ion ( 





t 








t 


[B110}eUr -ny[90 | 
| queid jo | UBAdE | | syaeyd 
-Yse ut | 7 ss . sisvq uO pues | ‘om 
UyfAX0 | Ut | ysxo | uquay, epnio aides | (esorons SB) | (9S01}xep ssorg | *S°IMII99 : | Jo o3y 
-T0y_ | GSV = ; ulusVy sens Zul | sv) sie3ns | sson{jeaQ = _——————_____-__ . uBAeg | ¢ suBsojueg | | 
| “U0 | Ul ues0NIN | ul $8419! Snpemuon | suIonpey WO} T® | Huy ss015 « 
-OBI}X9 . ; } @so[N]]90 -njing we 
[BIOL uvAeg pus 
ssolg ul uBfAX 


ula, | » Ulu 904} 


oind,,| -3IT 


eayuat | | *] 
| ‘ON 3s0AlB AL 


x 
> 
= 
~ 
= 
— 

~ 








ugnin un 


92°61 |FI'9T [0% 's QL 

09 ‘6I |S0°9T 

OL ‘21 |08 FI 

06°21 |19 FI 

9% ‘21 |90 ‘ST 

OL ‘LT [2291 

ZI ‘IZ |S2'6I |88"S 8h" : ‘ g (29's Ht oy t |s +69 
‘Pd | * ‘Pd | "Pd | ‘Pd | “Pd | “Pd | ‘Pd | "Pd | ° ‘Pd | “Pd 


if Li 


ana 


von O 


‘Pd | ‘Pd |° 4 ‘Pd | ‘pe Ded 


e | ¥ ‘Te 
-0)8UI 
7 : | ‘queid syuerd | 
pepe | (sepyp | . | “ade sanyo | Seatjoury | SleHeIwa | pewewOr | ceo ny) | leew | ‘ea | jo aay | 
eanjan -Ayue sv) | S041}0817x0 poe oll SOATJOVI}XG | SOATIOVI}XG | LG gr oznac querd queld aIe10id quetd -[3130 
om ’ lg - ~ o1u0l 1830.L -O[WIOIPAY | 10jVM-JOH | JOVM-PlOO | ~~ oucory 1 P970811X9 UT | [BUTZTIO Ul ae [eurs10 UT ul US | 
T8IOL eiiteiatiat queoled-T TOYoory | [Axoujeyy | [Axoqqeyy pmo uez0yN | OF USV 





Fi »rmat 








1, 1939 


yinoiB fo sabnjs yu ihe yo syunjd 30 fo [nya fo , uorwnsodwoj—z @1av I, 


Sept 











9%, No 


Vol 


ultural Research 


yf Agru 


Journal of A 





*[BlUa{VUT JUL 991j-dINISIOUI [BUITILO Jo V3BjUGOIed SB PezB[NI[BO ¢ 





“‘UIUSI] OPNso 9aij-YsB Jo 9Fe,Ud0Ied sB poyelNd[eyD ; 
*[Bl1ayeUL JUBId [BUTZTIO Jo eFejueoIed sB PazE[NI[VOH | 
“UlUST] E@PNsd Jo Fe UdVIed sB Paze[NI]BC) 4 











“9SO[N[[90 UBAVG PUB sso1DH daJj-YSB JO BFeyUEVIEd SB PezETNITBD» 

*SP1O’ OTMOIN WIOIJ [BINJINJ JO} PO}EI1IOD ¢ 
*[B119,VUI yuBTd PojoRIjXOUN [BUITTIO 9Y} UO PEB[NI]eo sy[NseY ; 
"[8]19{BUI 90lj-YSB Pu ("OD SOI) PelIP-GeAO UO Pe_ETNdTwo elem 

ULUIN[OO Ut BSOY} ‘[Bj1EzVUL ("CD ,SOT) PELIP-U9AO UO PEzB[NI[Bd O19M Y UUINIOO UI S}[Nsex | 









































29 ST eo St (99 'FI 60 £8 ° re 6 Se 9'FE ETE OL'IL |9F OL |22°S% (82 '9T £°OF (SIF 20 ZE |26 ‘8% (SOL St 
0€ ‘9I 96 ZI (0% SL OL” ($6 8% 6 Ze STE OL'IL 89 OL BF SS bP OT 6'Sh 6°IF OF IE PL °8% [86 . a ae 
0g “SI ZO°LT \OL FI fl" (OZ 1 |26°8 wot IST (16° z8° 7 6° $9°6 |19°8 ($2 he |19 ST 868 (¢°SE G8 OF 98 22 16 aan ~~ "BI 
08 “FI 6L ‘FL 22 ZI c S6°T |t6'S w6T (6L°T St (LES 9F'6 (82'S [FI 9S |€8 9 o VE (98S (88°92 16° FB jr ra 
BL pl 80 ET (1% Zi 9° 68% |re's8 66% 18S 68°. SLT 98°6 (66°8 (69°92 61 °2 8°SE |2°S8 68°22 €2°9S |4L See = a It 
06 ‘FI 68°8 (221 ZI (oa St% |Sh'8 ee 22S Lat it 896 |12°6 ($6°b% |80 91 8'SE 6'°9E \ZF OE 86 °8% OL ANS er “Ol 
Ze ‘eI I¢°L (Slt 0 CFZ 108 08% O02 Z (SIT BOT 666 (206 62 °F% |L6°ST £8 |b '9E BRE 62 '1E |f9 eee ae 
Pd Pd ‘Pd Pd | ‘Pd | “Pd ‘Pd | Pd | Pd | ‘Pd Pd | Pd | Pd | “Pd |'Pd | "Pd | “Pd | “Pd shog | 
| 
| :@ | 2V | oV a Vv tS Vv a Vv a Vv a Vv | v 7 | 
¢ SUOT} | 
ae oe ge ig a ee mp omen eens een 
g UTS | | -JULI0} [elleqeur -ny{[eo 
ul {Axo} ut “ta wut epnso amt | (@sOJONS SB) | (@s01)xep sis’q UO b ae @so[N] [90 joosy ON Pea 
“We | UsSy - if) on - usr] I IWS | suugns Zul | s¥) suesns sornTyay |— — eae & . a uBAsg ¢ SUBSOJUIT 
“Hew Ul Ues0IJIN Ul S®AT} -onpeluoN | Suronpey W101} [BI put ssod 
-ov1jxe | ~ , ke @so[Ny [a0 -nyang ate 
[BI0.L uBaeg pue 
ssol.) ul uBjAy \ 
826 |(S8°ZIT (92h (2e'F 29 “62 I T |€9°F (Sth (ZO ZI 9B OL 22°. SSL (O2't O's (29° |" s¢° £96 Sor aN “Sl 
be 6l (PLZT OL 08 'F cr ie z & 68 SSE G6E'6 (ZE°8 |IZ'T OS'l (Ie GF (88'e (89° z9° ol °8 86 rien ae 
OL '6I 9O°LT |98 "Fh (Fe F 9¢ ‘0E z I }OF'9 |22°S |96°OI (62°6 (69°L (ZPT (96% 88) (Str 82° OL* 4901 16 oo ne 
89°9L 9F ST OFF (80°F OL le £ € $8 (OLS (62 ZL GEIL 9ST PRT 92% oo°2 (0O°L |IZ'T (ZIT |2e°2 8 ‘ ae rat 
ZO'LT (00'9T (09 F (98 F 82 1E @ G 96S (€L°E [OR OL VIOL ZEIT GE. OZ 616 (29°8 (ZF IT (SEI (S6°¢ LL er nae It 
£8 SI |16°LT 08 F (99h 02 ‘0F z & FRE 82'S OF ZI OL IL SFT [Th T eS 906 (29°8 (SFL SET 98 F OL 7 aaahGree: 
SFOS (6F 61 FL 9 OFS SP et z 2G |LIS (6°) (129 689 (62'T £21 82 IS ‘OL TOL (e2°T SOT (fsb £9 \ F a 
‘Pd | ‘Pd | Pd | “Pd | Pd | “Pd | “Pd | ‘Pd | ‘Pd | “Pd | ‘Pd | ‘Pd | Pd | ‘Pd | ‘Pd | ‘Pd | ‘Pd ‘Pd | ‘Pd | ‘Pd | ‘Pd ‘Pd shod 
a v a Vv a V a V a Vv a Vv a Vv a V a Vv a Vv a Vv iv yen | 
- _— ———— - ~ — a 5 _ _ — —L -078Ul 
. , . : ‘yued | sjued — 

: SOAT}OBI9XO . . ¢ [BlueqeUr Bl9}BUl i . Blle}BUl “ ON 380418 
pepraré {S8PHP | saamonnyxe pov ou | saAmoeuyxe | soanoniyxe | S?At08Iy Seed ;, ued (83'9 X N) ued Sn Jo oy os - 
jeanjny ~aqes Se) [®20,L -OTqoompAY | 19gVM-JOH{ | JOIBM-PjOH 0 Ceeeeg pe}oBl} xe UT | [BUTzTIO UT pe oe pa [euraio ut “| vod 
PL spRSqeth queosed-| Tours tAxomjeyy | [AxouIOWV epmig uazontn | TF USV 

yjnoi6 fo sabvjs yuasaf{ip yo syunjd yoo fo sajavund ay) fo sayounig pun sasiyop4 ay) fo , uorrsodwoj—g a@IaV 








331 


of Oat Plant 


iON ¢ 


; 


‘8[QU} JO pus daS ‘Sa}0U}O0] 104 


HA oii died dod oi ww 


¢¢° £0 “€€ 
+26 
2° 
¥Z ° 
Z* 
Ir 
£9" 
LE th 02° 
68 ‘Eh SI 
9€ “SF 62° 
th St 6F" 92° 
CL Sh 99 OF (62 
F€ ‘OS |I8 FF |99 62 


< 

S 
5, 
= 
= 
= 

S 


anda 


idan: 


- 


9 

~ 

Bal 
69 “$I 
26° : 69 “91 


CoN 


tacit: 


& “I 
00% 
¥8 ‘I 
8f Z% 


ugnin vn 


Fl 
ON ON 0d 05 08 ti i rin 


fL 


| | 
“"""" GP OS +09 “Fh y | FE “EE t 5Z+ EOS 4 9211+ 966+ (S8'Or 820+ [L9'Ts 69 ET + ZI ZI Zr 61s 
‘Pd ‘Pd | Pd | “Pd 1 : ‘Pd ‘Pd ‘Pd ‘Pd ‘Pd " ‘Pd | "Pd | Pd ‘Pd 


u a dl Vv d 


ormation o 


| ‘| BIJe9BUr 


F 


goa}i0NxIx0 : |BloBUT [Bleyeur [BlJeyeur ‘ON 
(sepupAyus SeAry = ie he F eaatenesiee esavsansen SdAT}0RI}X0 juejd jueld (cz 9X N) queyd qseale yy 
sR) -OR11X0 pee SOA 199813 X. BANOS auazu0g poeqorsyxe [euls10 ulejoid [wuls0 —— 
1810] d0TyoIOIpAY Joye M-JOH JOIVM-PlO) -]Oyoo, y ul ul apnig ul” 
qusoI0d-| [AxoyoW [AxouwoNK uoZ0IIN 


1, 1939 


ept 


y1noi6 fo sabpjs yuasaf{ip yo sjunjzd ywo fo 8,004 fo , uoipnsodmoj—'} A I1AV I, 


S 








“UIUST] OPNsd volj-Yys¥ JO aSvjUGOJed SB pozepnd[ vy); 

"[BLeJVUL JURI [BUISIIO JO aFvjUedI0d SB PazelNI[VA, 

“UIUAT] epNsd JO oseqUadJed SB PoR[Ng[¥OH ; 

*[Bl1aqVUL JuB[d 90JJ-oIN{SIOUL [BUISTIO JO OBBIUEdIEd SB PoBPNIIBH » 

QSO[N] [90 UBAOE PUB SSOIL daJj-YSB JO oFBJUGOJEd SB Po IB[NI]VH ¢ 

“poZA[BUB PUB POUIquUIOS aJoM Z PUB | SISOAIBY UOT SoPdUI¥E » 

SPlOV DTUOIN UTOIs [BINJANJ 1OJ PozVelIOD ¢ 

*[BLojVUT QUBId PozOBIZXIUN [VUTSIIO oY} WO PozelNo]wo sy[NseyY - 

CO o€01) Pelp-Waro uO pazeNo[Vo 210. G| UUIN[OO UT esOY4 ‘[BIIEIVUT (°C _GO1) PelIP-WeAo UO Paze[No[wo sJOM Y UUM]OO UI sz_nsex 1 





*[BlLlojJVUI dolj-YsB pus 





0% LOT (20 6% ¢ , 3 €2 ‘21 “OT |SOr 
SE IL (06 8 : | ‘ 09 "LI “OL |86 
61 IT |9¢° ; ; ; ‘9l 
0 OL |68° ‘ r ¢I 
It Or 2 { ; 7 ‘ . ‘tl 
+68 é ; : ‘ ‘ ‘GT 
1€ ‘8 7 : ‘ 4 ; ; y “tl 
606 \ ‘ xz ; ‘FI i9¢ 
62 ‘OI ‘ ‘OL |6F 
10 ZI “LI \2P 
z0°9 £€ ‘8 9° . j ie 
tI 9 09 °8 9° i 5 ‘ “GI |8Z 
bL *f { “189 “92 “& € “SI {IZ 
| | i PI 
If ‘Or |66 ‘Zr |09°Sy 96° } i 
‘Pd | “Pd Pd R 7 ‘Pd ‘Pd ‘Pd : “Pd shod 


#¢ ZI GE IT 
SE ZI 29°11 
SL ZL 60°11 
cell 
76 ‘Ol 
9 ‘OL 
668 
IFS 
I8°L 
6.9 


Bio 


i 
om in 


Des 


a 


— 
S 
aq 
S 
yY 
~» 

mS 

~ 
3 
x 
> 
~~ 
~~ 
3 
*) 

‘~ 
~~ 
i) 

=z 

™” 
> 
~ 
Ss 
e 
~n 
3 
S 
a 


iV a 9 uON) a 
-eulul 
_— — ¢ 980] 
. ulusl| -lolep 
2 | -nf[oo 
nd 01] ulu3t] [ereyeur : aaa ye 
ak —— » |) uuaty 3 10] juerd jo eet 7 
[sxo ysy Iures sis¥q ao Bi ss 5 aso[r pep t JSOAIV AT 
. [Axo : ul asO[NT[ID . uBAog sutsojueg jeanjany 
WIV “YUP opndd Ul W9d0I}IN SOAR) ' mod) pue ssolg [B10] 
’ [einjang . a 
VsO[N[[9I UBAIET 
[POL pus ssOlg Ul UBlAX 


ponumu0g—y)noi8 fo sabpjs yuasaf{ip yo syunjd ywo fo sj004 fo uoirsodwojg—F WIAY I, 





sept.1,1999 Formation of Lignin in Composition of Oat Plant 333 


ASH 


The percentage of ash in the culms, sheaths, and leaves (table 1 
and fig. 1) at first increased, reaching a maximum of 17.98 percent 
when the plants were 21 days old. Subsequently, there was a general 
decrease, although a rather irregular one, as the plants became older. 
This is in agreement with the results obtained by Norton (32) and by 
Fagan and Watkins (13). Similar results were obtained with wheat 
plants by Lawes and Gilbert (24), Phillips, Davidson, and Weihe (36), 
and Malhotra (26, 27). Normen (28) and Phillips and Goss (38) 
obtained similar results with barley plants. The percentage of ash in 
the chaff (table 2 and fig. 1) increased regularly as the plants matured. 
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FicurE 1.—Percentage of ash in culms, sheaths, and leaves, chaff, rachiscs and 
branches of the panicles, and roots of oat plants at successive stages of growth. 
(Ash values are on a moisture-free basis.) 


When the plants were 63 days old it was only 6.44, whereas at maturity 
it had increased to 18.29 percent. The percentage of ash in the 
rachises and branches of the panicles (table 3 and fig. 1) increased 
regularly until the plants were 91 days old, after which it decreased 
somewhat. The variations in the percentages of ash in the roots 
(table 4 and fig. 1) at different stages of the development of the plants 
were rather irregular. In spite of the fact that the roots were washed 
repeatedly with water, it was not possible to free them entirely from 
particles of sand and other inorganic matter. Accordingly the 
figures on the percentage of ash in the roots are presented with 
some reserve. 
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NITROGEN AND CRUDE PROTEIN 


After an early increase, the percentage of nitrogen and crude pro- 
tein in the culms, sheaths, and leaves decreased generally as the 
plants matured (table 1 and fig. 2). The data obtained by Shaw 
and Wright (46) in their studies on the percentage of nitrogen in the 
corn plant at different stages of growth showed a similar tendency. 
Results of like character were obtained with wheat plants by Phillips, 
Davidson, and Weihe (36), and with barley plants by Phillips and 
Goss (38). In the plants from the last three harvest periods there 
were some differences, although not very significant ones, in the 
percentages of nitrogen and crude protein in the culms from the top 
downward. In the culms from harvests 13 (91 days) and 15 (105 
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PANICLE 


~ 
~ 
z 
Ww 
oO 
c 
Ww 
& 
z 
Ww 
e 
° 
x 
a 
WwW 
{= 
2 
ce 
oO 


AGE OF PLANTS (DAYS) 


F'icurE 2.—Percentage of crude protein (on moisture-free and ash-free basis) in 
culms, sheaths, and leaves, chaff, rachises and branches of the panicles, and 
roots of oat plants at successive stages of growth. 


days) the percentages of nitrogen and crude protein increased from 
the bottom of the stalk upward. However, this was not true of the 
culms from harvest 14 (98 days). The nitrogen and crude protein 
in the chaff and in the rachises and branches of the panicles (tables 2 
and 3 and fig. 2) decreased generally, although not consistently, as 
the plants matured, but were considerably higher than in the culms, 
sheaths, and leaves from plants at the same stage of development. 
Thus at maturity the average percentage of crude protein (calculated 
on a moisture-free and ash-free basis) in the culms, sheaths, and leaves 
amounted to 2.10, whereas in the chaff and in the rachises and branches 
of the panicles the percentages of crude protein, calculated on the 
same basis, were 5.88 and 4.00, respectively. With the exception of 
the early stages of growth, the percentages of nitrogen and crude 
protein in the roots decreased regularly and consistently as the plants 
matured and became senescent (table 4 and fig. 2). 
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METHOXYL IN ORIGINAL PLANT MATERIAL 


The percentages of methoxy] in the original plant material represent 
the sum of the percentages of methoxyl present either in the form of 
methyl esters, as in the pectins, or as methyl ethers, as in lignin. In 
the culms, sheaths, and leaves (table 1 and fig. 3, A) the percentage of 
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Figure 3.—Percentage of methoxyl in original plant material, in extracted plant 
material, and in “‘pure’’ lignin, in (A) culms, sheaths, and leaves, and (B) roots 
of oat plants at successive stages of growth. (All values are on a moisture- 
free and ash-free basis.) 


methoxyl increased, in general, with the increase in the age of the 

plants until the plants were 91 days old. Subsequently, although 

there were some variations, the percentages on the whole were of the 

same general order of magnitude. The percentage of methoxyl in 
179777—-39——_2 
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the chaff (table 2) showed no appreciable change, but in the rachises 
and branches of the panicles (table 3) it increased regularly and con- 
sistently with the increase in the age of the plants. The percentage 
of methoxy] in the roots (table 4 and fig. 3, B) increased regularly 
with the increase in the age of the plants, except in the sample from 
the fourth harvest (28 days). The percentage of methoxyl in the 
roots was greater than that in any of the other parts of the oat plant. 
Thus at maturity, the percentage of methoxyl in the roots calculated 
on a moisture-free and ash-free basis was 5.30, while in the combined 
culms, sheaths, and leaves, in the chaff, and in the combined rachises 
and branches of the panicles the percentages calculated on the same 
basis were 3.55, 2.16, and 3.20, respectively. 


METHOXYL IN EXTRACTED PLANT MATERIAL 


The figures on methoxyl in the extracted plant material represent 
essentially methoxyl groups present as methyl ethers. The chief 
source, although not the only one, for these firmly bound methoxyl 
groups is lignin. In the clums, sheaths, and leaves (table 1 and fig. 3, 
A), the percentage of firmly bound methoxyl, calculated on the basis 
of the original unextracted plant materials, increased, in general, with 
the increase in the age of the plants. In the samples from the last 
three harvest periods, the percentages of methoxyl in the culms 
decreased generally from the bottom of the stalks upward. The per- 
centage of firmly bound methoxyl groups in the chaff (table 2) in- 
creased slightly, and in the rachises and branches of the panicles 
(table 3) it increased somewhat more as the plants matured. The 
percentages of methoxyl in both cases, however, were lower than those 
in the culms, sheaths, and leaves from plants at the same stage of 
development. The percentage of firmly bound methoxyl in the roots 
(table 4 and fig. 3, B) increased generally with the increase in the age 
of the plants. The percentages were, in the main, higher than those in 
the culms, sheaths and leaves, chaff, and rachises and branches of the 
panicles taken from plants at the same stage of development. Atten- 
tion is called to the fact that the percentage of lignin was higher ir: the 
roots than in other parts of the plant. This would explain the higher 
percentage of firmly bound methoxyl found in the roots, as an increase 
in the percentage of lignin would naturally cause a corresponding in- 
crease in the percentage of methoxyl in the extracted plant material. 


ALCOHOL-BENZENE EXTRACTIVES 


The percentage of aleohol-benzene extractives in the culms, sheaths, 
and leaves (table 1) decreased as the plants grew older, but the de- 
crease was not uniform. As was pointed out in a previous communi- 
cation (38, p. 309), an alcohol-benzene solution is not a selective 
solvent, and it removes a heterogeneous class of compounds, such as 
fatty and waxy substances, volatile oils, pigments, and various resinous 
complexes. This explains, at least in part, the irregular results ob- 
tained. The variations in the percentages of aleohol-benzene extrac- 
tives in the chaff (table 2), in the rachises and branches of the panicles 
(table 3), and in the roots (table 4) were also irregular. 
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COLD-WATER EXTRACTIVES 


After an increase in the percentage of cold-water extractives in the 
culms, sheaths, and leaves (table 1) from the second harvest period, 
the percentage decreased, although irregularly, as the plants matured. 
In the samples from harvests 12 to 15 the percentages ranged from 
about 7 to 9. In the chaff (table 2), rachises and branches of the 

anicles (table 3), and the roots (table 4) the percentages were irregu- 
“4 and no definite conclusions can be drawn from them. The pro- 
cedure used in this investigation for determining cold-water extractives 
gives results that represent the sum of the various substances (except 
water-soluble nitrogenous complexes and ash) removed by this treat- 
ment. It is not at all surprising, therefore, that the percentages do 
not show a uniform and regular trend. 


HOT-WATER EXTRACTIVES 


The percentage of hot-water extractives in the culms, sheaths, and 
leaves (table 1) showed but little variation during the development of 
the plants. The values for hot-water extractives were in every case 
considerably lower than those for the cold-water extractives. The 
values for the hot-water extractives in the rachises and branches of the 
panicles (table 3) showed the same tendency as those in the culms, 
sheaths, and leaves. In the chaff (table 2), however, the percentage of 
hot-water extractives increased with the increase in the age of the 
plants until the plants were 91 days old, after which it declined some- 
what. The percentage of hot-water extractives in the roots (table 4) 
declined, although not regularly, as the plants grew older and matured. 


ONE PERCENT HYDROCHLORIC ACID EXTRACTIVES 


The percentage of 1 percent hydrochloric acid extractives in the 
culms, sheaths, and leaves (table 1) increased, although not in a uni- 
form manner, as the plants grew older. The maximum percentage 
was reached when the plants were 98 days old. This general increase 
in the 1 percent hydrochloric acid extractives may be attributed to the 
fact that certain of the reserve carbohydrates, for example the hemi- 
celluloses, in the culms, sheaths, and leaves generally increase as the 
plant grows older. In the chaff (table 2) and in the rachises and 
branches of the panicle (table 3) (calculated on a moisture-free and 
ash-free basis), there were no appreciable variations in the percentage 
as the plants developed and matured. 


TOTAL EXTRACTIVES 


The figures on total extractives represent the sum of the percentages 
of aleohol-benzene, cold-water, hot-water, and 1 percent hydrochloric 
acid extractives. In the culms, sheaths, and leaves (table 1) the percent- 
age generally declined, although not regularly, as the plants matured. 
When the plants were young, approximately 61 percent of the plant 
substance (calculated on a moisture-free and ash-free basis) could be 
removed by successive extraction with alcohol-benzene solution, cold 
water, hot water, and 1 percent hydrochloric acid, while at maturity 
only about 41 percent could thus be extracted. In the roots (table 4) 
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the percentages of total extractives showed the same trend as that of 
the culms, sheaths, and leaves. However, the percentages in the 
chaff (table 2) and in the rachises and branches of the panicles (table 3) 
did not vary appreciably with the increase’in the age of the plants. 

The results on the total extractives of the samples used for deter- 
mination of lignin, which were not corrected for the crude protein and 
soluble ash, showed the same trend as those discussed above. 


URONIC ACIDS 


Uronic acids are constituents of two substances of vegetable origin, 
namely, the pectins and the hemicelluloses. The uronic acid content 
of these two materials, however, is not the same; the pectins contain 
a much greater percentage of these acids than do the hemicelluloses. 
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Ficgure 4.—Percentage of uronic acid anhydrides (on a moisture-free and ash- 
free basis) in culms, sheaths, and leaves, chaff, rachises and branches of the 
panicles, and roots of oat plants at successive stages of growth. 


As the plants grow older, the percentage of pectin, particularly of 
lignified tissues, decreases, so that the percentage of uronic acids in 
the plant would necessarily decrease. This explains the results found 
in the determination of the percentage of uronic acids (calculated as 
anhydrides) in the culms, sheaths, and leaves (table 1 and fig. 4) of 
the oat plants. Similar results were obtained by Phillips and Goss 
(38) in their experiments with barley. The percentage of uronic acids 
(calculated as anhydrides) in the chaff (table 2 and fig. 4) and in the 
rachises and branches of the panicles (table 3 and fig. 4) showed the 
same tendency, although the decrease in percentage was not uniform 
and regular. The percentage of uronic acids (calculated as anhy- 
drides) in the roots (table 4 and fig. 4) had increased slightly in the 
fourth harvest period (28 days), after which it decreased slowly as 
the plants developed and matured. In general, the percentage of 
uronic acids in the culms, sheaths, and leaves was greater than in the 















— ew 


> 


~_ 


Oo —p WY & 





sept.1, 1999 Formation of Lignin in Composition of Oat Plant 339 


roots taken from plants of the same age and at the same stage of 
development. 
TOTAL FURFURAL 


When a plant material is distilled with 12 percent hydrochloric 
acid, the total furfural obtained is derived from three principal 
sources, namely, (1) from the uronic acids, (2) from the pentose or 
pentosan fraetion of the polyuronides, and (3) from the pentosan 
fraction forming an integral part of the Cross and Bevan cellulose. 
Inasmuch as some of these components increase while others decrease 
as the plant develops and matures and since the percentages of fur- 
fural afforded by these constituents are not the same, the percent- 
ages of total furfural recorded in the tables represent an additive 
effect of several factors of unequal magnitude. 

The percentage of total furfural in the culms, sheaths, and leaves 
(table 1 and fig. 9, A) increased, in general, and reached a maximum 
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Figure 5.—Percentage of pentosans (on a moisture-free and ash-free basis) in 
culms, sheaths, and leaves, chaff, rachises and branches of the panicle, and 
roots of oat plants at successive stages of growth. 


when the plants were 63 days old. Subsequently there was a de- 
crease, but at or near maturity the percentage increased again. In 
the chaff (table 2) and in the rachises and branches of the panicles 
(table 3), the percentages of total furfural showed no appreciable 
variation (except in the samples from the ninth harvest) with the 
increase in the age of the plants. In the roots (table 4 and fig. 9, B), 
after an increase in the earlier stages of development of the plants, 
there was no great variation in the percentage of total furfural. 


PENTOSANS 


The percentage of pentosans was obtained by deducting from the 
percentage of total furfural the percentage of furfural derived from 
the uronic acids and calculating the difference as pentosans. These 
figures represent, therefore, the total pentose or pentosan units in the 
plant material, irrespective of whether these units occur in the gums, 
hemicelluloses, pectins, or in the Cross and Bevan cellulose. 
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Table 1 and figure 5 show that the percentage of pentosans in the 
culms, sheaths, and leaves increased steadily until the plants were 
63 days old. Subsequently there was a small decrease in the per- 
centage, but at maturity it had increased again. With the exception 
of the lower third of the sample from the thirteenth harvest (91 days), 
the percentages of pentosans in the samples from the last three 
harvests increased from the bottom of the stalk upward. In the 
chaff (table 2 and fig. 5) and in the rachises and branches of the 
panicles (table 3 and fig. 5), the highest percentage of pentosans was 
found in the samples from the ninth harvest (63 days). In the plants 
from subsequent harvests, the percentage of pentosans had decreased, 
but at maturity it had increased somewhat. In the roots (table 4 
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Figure 6.—Percentage of Cross and Bevan cellulose (on a moisture-free and ash- 
free basis) in culms, sheaths, and leaves, chaff, rachises and branches of the 
panicles, and roots of oat plants at successive stages of growth. 


and fig. 5), the percentage of pentosans increased in the early stages 
of the development of the plants, then it decreased somewhat, and in 
samples taken after the ninth harvest (63 days) there was little 
variation. 

CROSS AND BEVAN CELLULOSE 


Table 1 and figure 6 show that the percentage of Cross and Bevan 
cellulose in the culms, sheaths, and leaves increased from 25.5 percent 
(calculated on a moisture-free and ash-free basis) in the young seedlings 
to nearly twice this amount in the mature plants. The increase, 
however, was not even or regular. Similar results were obtained by 
Norman (28) and by Phillips and Goss (38) in their experiments with 
barley. In the main, in the samples from the last three harvest 
periods, the percentage of Cross and Bevan cellulose decreased in the 
culms from the bottom upward, although in some cases the decreases 
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were not significant. The percentage of Cross and Bevan cellulose in 
the chaff (table 2 and fig. 6) was irregular. From an initial percentage 
of 36.1 (calculated on moisture-free and ash-free basis), it had de- 
creased to 31.5 when the plants were 84 days old, and then at maturity 
it had increased to about 36 again. In general, the percentage of 
Cross and Bevan cellulose in the chaff was found to be considerably 
less than in the culms, sheaths, and leaves taken from plants of the 
same age and at the same stage of development. The percentage of 
Cross and Bevan cellulose in the rachises and branches of the panicles 
(table 3 and fig. 6) decreased from 38.3 (calculated on a moisture-free 
and ash-free basis) when the plants were 63 days old to 35.8 when 
the plants were 77 days old. Subsequently the percentage gradually 
increased until at maturity it was 46.3. The percentage of Cross 
and Bevan cellulose in the roots (table 4 and fig. 6) increased very 
little as the plants grew and developed. Attention is called particu- 
larly to the fact that in the young plants the percentage of Cross and 
Bevan cellulose was much greater in the roots than in the culms, 
sheaths, and leaves. This has also been found to be true of the per- 
centages of methoxyl in extracted plant material and lignin. The 
significance of this, insofar as it may throw light on the possible 
origin of lignin in the plant, will be discussed elsewhere in this paper. 


FURFURAL AND XYLAN IN CROSS AND BEVAN CELLULOSE 


The percentage of furfural yielded by the Cross and Bevan cellulose 
of the culms, sheaths, and leaves (table 1 and fig. 9) and, of course, 
also the xylan (calculated as percentage of the Cross and Bevan cellu- 
lose and as percentage of the original plant material) increased some- 
what as the plants grew older. The increase, however, was neither 
consistent nor even. Similar results were obtained by Norman (28) 
and by Phillips and Goss (38) in their studies of the barley plant and 
by Norman (29) and Norman and Richardson (30) in their experi- 
ments on ryegrass. In the chaff (table 2) and in the rachises and 
branches of the panicles (table 3) the percentages of furfural (also 
calculated as xylan) in the Cross and Bevan cellulose did not show 
any pronounced variation with the increase in the age of the plants. 
In the roots the variations in percentage were rather irregular (table 
4). In the early stages of the development of the plants, the per- 
centage increased, then it decreased, but as the plants approached 
maturity there was again a small increase. 


CELLULOSE 


The percentage of cellulose in the culms, sheaths, and leaves (table 1 
and fig. 7) increased rapidly as the plants grew older. The increase, 
however, was not regular. Similar results were obtained by Phillips 
and Goss (38) in their study of the composition of the barley op at 
successive stages of growth. The percentage of cellulose in the chaff 
(table 2 and fig 7) did not vary greatly with the increase in the age of 
the plants. From an initial percentage of 26.8 (calculated on moisture- 
free and ash-free basis) when the plants were 63 days old, it had 
decreased to 23.5 when the plants were 84 days old, and then at 
maturity it had increased again to 27.3. The percentage of cellulose 
in the rachises and branches of the panicles (table 3 and fig. 7) in- 
creased, although not in a regular manner, as the plants grew older. 





Journal of Agricultural Research Vol. 59, No. 5 


In the roots, however, the percentage of cellulose did not materially 
change (table 4 and fig. 7). 


REDUCING AND NONREDUCING SUGARS 


The percentages of reducing and nonreducing sugars (calculated 
as glucose and sucrose, respectively) in the culms, sheaths, and leaves 
(table 1) increased, in general, until heading time (ninth harvest), 
after which they decreased rapidly so that at maturity the percentages 
of both were quite negligible. Similar results were reported by 
Collins and Spiller (7). In the chaff (table 2) and in the rachises and 
branches of the panicles (table 3), the percentages of reducing and 
nonreducing sugars showed the same trend as those in the culms, 
sheaths, and leaves; that is, they increased in the earlier stages of 
development of the plants, after which they declined rapidly. Be- 
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Ficure 7.—Percentage of cellulose (on a moisture-free and ash-free basis) in 
culms, sheaths, and leaves, chaff, rachises and branches of the panicles, and 
roots of oat plants at successive stages of growth. 


cause of lack of sufficient material, the percentages of reducing and 
nonreducing sugars in the roots were not determined. 


LIGNIN, AND NITROGEN, ASH, AND METHOXYL IN THE LIGNIN 


Table 1 and figure 8 show that, in general, the percentage of lignin 
in the culms, sheaths, and leaves increased as the plants grew older. 
In the first sample the percentage of lignin, calculated on the moisture- 
free and ash-free plant material, was 1.86, and in the last sample, 
when the plants were mature, it was 10.93 (mean value of the per- 
centages of the plants from the last harvest period). Phillips, David- 
son, and Weihe (36) found that in the wheat plant the percentage of 
lignin increased with the age of the plant. Similar results were ob- 
tained by Phillips and Goss (38) with the barley plant. 

The percentage of nitrogen in the lignin (table 1) decreased as the 
plant grew and matured. The percentage of nitrogen in the lignin 
residue from the first sample was 4.34, while in the lignin from the 
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fully mature plant it was only 0.69 (the means value of the percentages 
of nitrogen in lignin from the last harvest period). Undoubtedly this 
was due to the fact that the percentage of nitrogen decreases as the 
plant grows older and matures. 

The figures on the percentage of methoxyl in the ash-free lignin 
and in the so-called pure lignin from the culms, sheaths, and leaves 
(table 1 and fig. 3) show that there was a gradual increase as the plants 
grew older. It is rather difficult to explain this fact on the basis of 
Klason’s (20) hypothesis that lignin is synthesized by the plant from 
coniferyl alcohol or coniferyl aldehyde. If this were the case the per- 
centage of methoxy] in the lignin would show no such variation. 
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Ficure 8.—Percentage of lignin (on a moisture-free and ash-free basis) in culms, 
sheaths, and leaves, chaff, rachises and branches of the panicles, and roots of 
oat plants at successive stages of growth. 


The percentage of ash in the lignin from the culms, sheaths, and 
leaves (table 1) varied considerably, but in general it decreased as the 
plants grew older. 

The percentage of lignin and the percentages of nitrogen and me- 
thoxyl in the lignin in the chaff and in the rachises and branches of 
the panicles are given in tables 2 and 3, respectively. The percent- 
ages of lignin are shown graphically in figure 8. In general, the per- 
centages show the same trend as those of the culms, sheaths, and 
leaves. The percentages of ash in the lignin, however, differ markedly 
from those recorded in table 1, that is, they increase as the plant grows 
older. This is particularly striking in the chaff (table 2), in which 
the percentage of ash in the lignin at maturity was more than 50. 
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The percentages of lignin in the roots, as well as the percentages of 
nitrogen, methoxyl, and ash in the lignin, are given in table 4. The 
percentages of lignin and methoxy] in the lignin of the roots are shown 
graphically in figures 8 and 3 B, respectively. These constituents 
in the roots show the same general trend as those in the culms, sheaths, 
and leaves, that is, the percentages of lignin and methoxyl in the 
lignin increase, while the percentage of nitrogen in the lignin decreases 
as the plants grow older. The figures on the percentages of ash in 
the lignin from the roots are rather erratic because, as already ex- 
plained, it was not possible to free the roots entirely from inorganic 
material. 

PROTEIN EXTRACTED BY HOT AND COLD WATER 


Table 5 gives the percentages of crude protein in the cold- and hot- 
water extracts (expressed also as the percentage of the total crude 
protein) in the culms, sheaths, and leaves, the chaff, the rachises and 
branches of the panicles, and the roots, respectively, at successive 
stages of growth. 

Table 5 shows that the percentages of protein extracted from the 
culms, sheaths, and leaves and the roots by both cold and hot water 
water followed the same general trend as those of the total crude 
protein, that is, after an initial increase they decreased as the plant 
grew older. This decrease, however, was not always regular. The 
data on the rachises and branches of the panicles show no initial in- 
crease in the percentage of crude protein extracted by cold water, 
but the percentage extracted by hot water follows the same trend as 
that extracted from the culms, sheaths, and leaves and the roots. 
With few exceptions, the protein extracted by the cold water, ex- 
pressed as percentage of the plant material and as percentages of the 


total crude protein, was considerably greater than that removed by 
the hot water. The percentages of protein extracted from the chaff 
by the cold and hot water were rather irregular. In some instances, 
a greater percentage of protein was extracted by the cold water, while 
in others this was reversed. 


TABLE 5.—Crude protein in cold- and hot-water extracts of the various parts of oat 
plants at successive stages of growth 


{Calculated on basis of moisture-free and ash-free plant material] 
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TABLE 5.—Crude protein in cold- and hot-water extracts of the various parts of oat 
plants at successive stages of growth—Continued 


CULMS, SHEATHS, AND LEAVES—Continued 


Crude protein extracted by— 
Harvest No 


Ageof |Total crude) 
plants protein | Cold water Hot water 


| Percent of Percent of 
Days Percent Percent total Percent total 
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| Samples from harvests 1 and 2 were combined and analyzed. 
FURFURAL YIELDED BY SEVERAL COMPONENTS OF THE OAT PLANT 


Table 6 shows the percentages of furfural yielded by several com- 
ponents of the culms, sheaths, and leaves, the chaff, the rachises and 
branches of the panicles, and the roots, respectively, of the oat plants 
at successive stages of growth. The figures in the third column of the 
table are taken from tables 1-4, respectively, and are inserted here 
for the sake of completeness and comparison. The figures in the 
fourth column were obtained by dividing by 4.60 the percentages of 
uronic acid anhydrides (ash-free basis) recorded in tables 1-4. The 
figures in the sixth column were obtained by multiplying the percent- 
age of Cross and Bevan cellulose (ash-free basis) by the percentage of 
furfural in the Cross and Bevan cellulose (using the corresponding data 
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in tables 1-4), and dividing the result by 100. The figures in the 
eighth column represent the difference between the percentage of total 
furfural (third column) and the sum of the percentage of furfural from 
the uronic acid anhydrides and that from the pentose fraction of Cross 
and Bevan cellulose (fourth and sixth columns, respectively). The 
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Fiacure 9.—Percentage of furfural yielded by several components of (A) the 
culms, sheaths, and leaves and (B) the roots of oat plants at successive stages of 
growth. (All values are on a moisture-free and ash-free basis.) 


figures in the last column were obtained in each case by multiplying 
the percentage of furfural from the pentoses of the polyuronides 
(eighth column) by the factor 1.736. The data recorded in table 6 
on the culms, sheaths, and leaves and the roots are shown graphically 
in figure 9. 
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ABLE 6.—Furfural yielded by several components of the various parts of the oat plant 
at successive stages of growth 


{Calculated on basis of moisture-free and ash-free plant material] 
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Table 6 and figure 9, A, show that after a slight variation during 
the early development of the plants the percentage of furfural fur- 
nished by the uronic acids of the culms, sheaths, and leaves remained 
fairly constant as the plants grew older and matured. When the 
plants were young about 23 percent of the total furfural was yielded 
by the uronic acids. In the later stages of the development of the 
plants, however, this had decreased considerably so that it ranged 
only from 6.78 to 8.25 percent. Similar results were obtained in 
previous studies with the barley plant (38). It will be observed from 
column 5, that in the samples from harvests 13, 14, and 15, the 
percentage of furfural from the lower, middle, and upper thirds 
followed in every case a regular descending order. The percentage 
of furfural yielded by the Cross and Bevan cellulose increased, though 
not regularly, as the plant grew older and matured. As in the case 
of the furfural from the uronic acids, the percentage of furfural 
decreased in the main, from the bottom of the stalk upward (harvest 
Nos. 13, 14, and 15). The percentage of furfural yielded by the 
pentoses of the polyuronides increased at first. It reached a maximum 
in the sample from the ninth harvest period, and subsequently declined 
somewhat, though not regularly, as the plant matured. The per- 
centages of furfural from the pentoses of the polyuronides in the 
samples from the lower, middle, and upper thirds of harvests 13, 14, 
and 15 varied considerably, but here the percentage of furfural 
increased regularly from the lower third of the stalk upward. 
Throughout the development of the plant, the greatest percentage of 
the total furfural is furnished by the pentoses of the polyuronides. 
The figures in the last column show, of course, the same tendency as 
those recorded in the eighth column. 

Table 6 shows that the percentages of furfural yielded by the 
uronic acids, the pentose fraction of Cross and Bevan cellulose, and 
the pentoses of the polyuronides of the chaff varied little with the 
increase in the age of the plant. Here, also, the greatest percentage 
of the total furfural was derived from the pentoses of the polyuronides; 
at maturity this amounted to more than 66 percent of the total 
furfural. 

The percentage of furfural yielded by the uronic acids of the 
rachises and branches of the panicles decreased slightly, whereas the 
percentage of furfural from the Cross and Bevan cellulose increased, 
although not regularly, as the plants matured. The percentage of 
furfural derived from the pentoses of the polyuronides decreased 
somewhat as the plants matured. At maturity more than 56 percent 
of the total furfural was furnished by the pentoses of the polyuronides. 
In the plants from harvest No. 9, this amounted to more than 64 
percent. 

Table 6 and figure 9, B, show that the furfural yielded by the 
uronic acids from the roots decreased slightly as the plants grew older, 
while the percentage of furfural from the pentose fraction of Cross 
and Bevan cellulose was rather irregular. After an initial increase, 
it decreased, and finally as the plants matured it again increased 
somewhat. The percentage of furfural yielded by the pentoses of the 
»0lyuronides from the roots increased at first, and then decreased a 
fitt e as the plants matured. In this case also, the greatest percentage 
of the total furfural was furnished by the pentoses of the polyuronides. 
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DISTRIBUTION OF FIRMLY BOUND METHOXYL GROUPS BETWEEN LIGNIN AND 
NONLIGNIN CONSTITUENTS 


The distribution of the firmly bound methoxyl groups between the 
lignin and the nonlignin constituents in various parts of the oat 
plant at successive stages of growth is shown in table 7. The table 
shows that the lignin methoxyl in 100 gm. of plant material, as well 
as the percentage of lignin methoxyl calculated on the basis of the 
total firmly bound methoxyl, in the culms, sheaths, and leaves in- 
creased as the plant grew and matured. To be sure, this increase 
was not always regular, but the figures, in general, show an upward 
trend. In the fully mature p!ant, more than 80 percent of the total 
firmly bound methoxy] in the culms, sheaths, and leaves was found in 
the lignin. In the early stages of the development of the plant, the 
methoxyl not in the lignin, expressed as percentage of the total 
firmly bound methoxyl, was rather high, but the percentage of this 
decreased, in the main, as the plant grew older and matured. It has 
been shown by O’Dwyer (34), Schmidt and his coworkers (44), and 
by Hagglund and Sandelin (18) that in wood some of the firmly bound 
methoxyl groups are found also in the carbohydrate fraction. Ander- 
son and Otis (1) identified methoxy glucuronic acid as one of the con- 
stituents of mesquite gum. Sands and Gary (42) and Sands and 
Nutter (43) showed that the hemicelluloses of mesquite wood con- 
tained the methoxy! group and that this group was associated with 
the fragment of hemicellulose that contained the uronic acid. Kurth 
and Ritter (23) found 3.2 percent of methoxyl in spruce “holocellu- 
lose,’ which was presumably freed entirely of lignin. 

The lignin methoxy]! in 100 gm. of plant material and the percentage 
of lignin’ methoxyl calculated on the basis of the total firmly bound 
methoxy! in the chaff and in the rachises and branches of the panicles 
did not increase very much as the plants grew and matured. At 
maturity, practically 90 and 85 percent, respectively, of the total 
firmly bound methoxyl was with the lignin. 

The lignin methoxyl in 100 gm. of the roots increased almost reg- 
ularly as the plants grew older. In comparing these data with those 
for the culms, sheaths, and leaves, it will be observed that in the roots 
the lignin methoxyl in 100 gm. of plant material was greater through- 
out the entire life of the plant. The lignin methoxyl, expressed as 
percentage of the total firmly bound methoxyl, ranged from 70.7 
(harvest No. 3) to 87.0 (when the plants were fully mature). 


WEIGHTS OF PLANTS AT DIFFERENT STAGES OF GROWTH 


The weights of the culms, sheaths, and leaves, the chaff, the rachises 
and branches of the panicles, and the roots actually harvested and 
also the weights calculated on the basis of 100 plants are shown in 
table 8. The results present no special features. In the early stages 
of the development of the plants, the increase in weight in the culms, 
sheaths, and leaves was very rapid so that by the end of the eighth 
harvest period it amounted to approximately 500 times the weight 
at the end of the first week. The weight of the roots also increased, 
although to a smaller extent. In the chaff and in the rachises and 
branches of the panicles, the weight of dry matter increased at first, 
but later as maturity approached it decreased. This was presumably 
due to a translocation of some of the constituents from the chaff and 
panicles to the seed. 
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WEIGHTS OF DIFFERENT CONSTITUENTS AT SUCCESSIVE STAGES OF 
DEVELOPMENT OF THE PLANT 


The weights of the more important constituents of the several parts 
of the oat plant at successive stages of growth are shown in table 9. 
In all cases, the results were calculated on the basis of 100 plants. 

The data on the ash call for no special comment. There was a 
constant increase in the actual quantity of ash in each part during 
the greatest portion of the life of the plants. In the later stages of 
development, there was a decrease in the quantity of ash, due pre- 
sumably to a translocation of the inorganic matter, in part at least, 
to the seed. At maturity, the ash content of certain parts of the 
plant again increased somewhat. 

The quantity of crude protein in all parts of the oat plant except 
the rachises and branches of the panicle increased rapidly during the 
first part of the life of the plant, and then decreased steadily, although 
not always regularly, as the plant developed and matured. In gen- 
eral, the quantity of crude protein in the rachises and branches of the 
panicle decreased during the development of the plant. 

In the total plant the content of total methoxyl as well as the 
methoxyl in the extracted plant material increased, although not 
regularly, as the plant developed and matured. 
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The quantities of the various extractives in 100 plants recorded in 
table 9 may conveniently be considered together. In the earlier stages 
of the growth of the plants the weights of the extractives increased 
rapidly, but in the later stages they decreased. The only exception to 
this is the 1-percent hydrochloric acid extractives, for which the figures 
show, in the main, an upward trend. 

In general, the uronic acids in the culms, sheaths, and leaves and 
the total in the plants increased as the plants grew older and matured, 
except in the materials from harvests 13 and 14. It will be noted 
throughout this table that the results from harvests 13 and 14 are, in 
every case, not in harmony with the rest of the data. However, the 
figures on the uronic acids in the chaff and the roots show at first an 
upward and later a downward trend. In the rachises and branches of 
the panicles there was a general decrease. 

The content of furfural-yielding constituents in 100 plants, as well 
as the total pentosans, increased (with one or two exceptions) as the 
plants grew and developed. The greatest increase, of course, occurred 
in the culms, sheaths, and leaves. 

The Cross and Bevan cellulose, xylan in Cross and Bevan cellulose, 
and cellulose increased irregularly as the plants grew and matured. 
The apparent decrease noted in the plants from harvests 13 and 14 
is believed to be due to experimental error. 

The data on the reducing and nonreducing sugars are incomplete 
because there was not enough material for analysis. The results pre- 
sented on the content of these sugars in the culms, sheaths, and leaves, 
chaff, and rachises and branches of the panicles indicate that there 
was a rapid increase in the quantities of these sugars in the early stages 
of the development of the plants. As the plant grew older and ma- 
tured, there was a rapid decline in the content of reducing and non- 
reducing sugars. No doubt to a considerable extent this was due to 
a translocation of the sugars from the culms and leaves to the seed, 
where they were stored in the form of starch. 

The data on the lignin show that this constituent increased through- 
out the life of the plants. The data on the weight of lignin at different 
stages of the development of the plants when taken in conjunction 
with the data on cellulose are interesting. It will be observed that the 
actual quantities of both these components increased as the plants 
grew older, and therefore there is no direct evidence that the lignin 
increased at the expense of the cellulose. 


DISCUSSION 


Cross, Bevan, and Beadle (8, p. 179) consider that lignification is a 
process whereby there is a continuous modification of the cellulose, 
which is ultimately converted into lignin. In support of this hypoth- 
esis they state that “lignocelluloses in the first year of growth con- 
tain 70-80 p.ct. cellulose, the woods, on the other hand, 50-60 p.ct.”’ 
As has already been pointed out elsewhere in this paper, results on per- 
centage composition may be misleading in that they indicate the rela- 
tive amount of each component but not the absolute quantity. A 
decrease in the percentage of cellulose does not necessarily mean that 
there was an actual disappearance of this substance, but rather that 
some of the other components increased at a much more rapid rate. 
The absolute quantity of cellulose present may have remained the 
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same or even may have increased somewhat. The results on the per- 
centages and on the absolute quantities of lignin and cellulose obtained 
in this investigation show definitely that both these constituents in- 
creased as the plant developed and grew to maturity. There was no 
indication that the plant synthesized lignin at the expense of the cel- 
lulose. Moreover, considering the structure of cellulose and its func- 
tion in the vegetable kingdom, it does not seem reasonable to suppose 
that it is used by the plant as an intermediate or as a starting material 
for the synthesis of other substances. There is every indication that 
cellulose is an end product, produced by the plant presumably from 
glucose, and is not utilized by it as the starting material for phyto- 
chemical syntheses. Moreover, the presence of a plant enzyme capa- 
ble of bringing about a degradation of cellulose in vivo has never been 
demonstrated. 

The theory that pectin is the parent substance utilized by the plant 
in the synthesis of lignin has a certain element of plausibility. Al- 
though no direct determination of pectin was made, the data on the 
content of uronic acids may give, indirectly, an indication of the quan- 
tity of this complex present at various stages of the development of 
the plant. It is realized, of course, that uronic acids are also present 
in the polyuronide hemicelluloses. However, while it is generally 
agreed that the percentage of uronic acid (as anhydride) in the pectins 
is about 70, it is only about one-third this percentage in the poly- 
uronide hemicelluloses. Any appreciable loss of pectin caused by its 
conversion into lignin would necessarily reduce the uronic-acid con- 
tent of the plant material, unless it be assumed that the synthesis of 
the polyuronide hemicelluloses is at once stimulated at such an accel- 
erated rate as to compensate for the loss of pectin. While this is pos- 
sible, the data obtained in this investigation definitely do not support 
this hypothesis. Attention is called again to the results of Buston (4) 
on the lignification of a rose shoot. Although there was a rapid in- 
crease in the lignin content, the absolute quantity of pectin did not 
decrease but rather increased somewhat. All in all, it may be stated 
that the claim that the plant synthesizes lignin from pectin is not sup- 
ported by experimental results and seems, in fact, quite improbable. 

The results obtained in this investigation do not support the con- 
tention of Rassow and Zschenderlein (40) that lignin is synthesized 
by the plant from pentosans. It will be observed (table 9) that the 
absolute quantities of both pentosans and lignin increased as the 
plants grew older and matured. There was no evidence that one was 
synthesized at the expense of the other. 

If we agree that either sucrose or glucose is the first product of 
phytochemical synthesis, it is believed that the plant builds up 
lignin directly from either one of these sugars. Whether fructose 
alone is used in this synthesis, as claimed by Wislicenus (49), or 
whether both sugars are utilized for this purpose is, of course, not 
known. It may not be out of place to emphasize, however, that 
lignification is not, as is sometimes assumed, a senescent change. 
Lignin is produced even in the very earliest stages of the development 
of the plant. This is clear from the results obtained in this and in 
previous investigations (36, 38). Among the first steps in the syn- 
thesis of lignin is the production of a substance or substances having 
firmly bound (in etherlike combination) methoxyl groups. As was 
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pointed out by Browne and Phillips (3), these may be formed in the 
splitting up of carbohydrates, by a process of hydrolysis, oxidation, 
reduction, and dehydration and not necessarily directly from formal- 
dehyde by a process of methylation. The presence (table 7) of a 
large quantity of substances, presumably carbohydrates, with firmly 
bound methoxyl groups, which gradually decrease with the increase 
in the content of lignin, lends support to this hypothesis. Whether 
these methoxyl-containing substances are then converted into 
methoxyl derivatives of the pentoses by a process of oxidation and 
decarboxylation (via the uronic acid stage), and these in turn are 
converted further into lignin, is at present not known. It appears 
quite certain, however, that coniferyl alcohol (or aldehyde) is not one 
of the intermediate products in the phytochemical synthesis of lignin. 
The results of this and previous investigations (36, 38) definitely do 
not support Klason’s (20) hypothesis that the plant synthesizes 
lignin from coniferyl alcohol (or aldehyde) by a process of condensa- 
tion or polymerization. If this were true one would expect the 
percentage of methoxyl in the lignin to remain substantially constant. 
The results of this investigation, however, show very conclusively 
that the percentage of methoxyl in the lignin is a variable quantity 
and that it increases markedly as the plant develops and matures 
(see tables 1,4, and 7). In view of the results of the present investiga- 
tion, Klason’s hypothesis as to the mechanism involved in the phyto- 
chemical synthesis of lignin must be definitely rejected. It appears 
more probable that several intermediate substances are utilized by 
the plant in the synthesis of lignin. These substances do not contain 
the same percentage of methoxyl, and some may even be entirely free 
of this substituent. In the process of synthesis of lignin by the plant, 
these building units are combined in different proportions during the 
development of the plant. This would explain the fact that lignin 
isolated at successive stages of the development of the plant differs 
in its methoxyl content. Further research is required to establish 
the nature of the intermediate substances utilized by the plant in the 
synthesis of lignin. 


SUMMARY AND CONCLUSIONS 


The composition of the culms, sheaths, and leaves, chaff, rachises 
and branches of the panicle, and roots of the oat plant at successive 
stages of growth was studied with the object of determining the 
nature and percentage of the more important constituents, and thereby 
learning more about the formation of lignin by the growing plant and 
the possible mechanism involved in the process of lignification. 

After an initial increase, the percentage of ash in the culms, sheaths, 
and leaves decreased, though irregularly, as the plant matured. 
The percentage of ash in the rachises and branches of the panicle 
showed a similar trend, while that of the chaff increased regularly. 
The percentage of ash in the roots was irregular. In the main, the 
absolute quantity of ash in the plant increased as the plant grew and 
matured. 

The percentage of nitrogen (and crude protein) in the several parts 
of the oat plant studied, after an initial increase, decreased with 
maturity, with the exception of the chaff and the rachises and branches 
of the panicle, which showed a regular decrease. The absolute 
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quantity of nitrogen (and crude protein) increased rapidly during the 
early stages of the growth of the plant, and then decreased steadily, 
although not always regularly, as the plant developed further and 
matured. 

The percentages, as well as the absolute quantities, of methoxy] 
in the original and in the extracted plant materials increased, in gen- 
eral, as the plant developed and matured. 

In the earlier stages of growth of the plant, the weight of the vari- 
ous extractives increased rapidly, but in the later stage of its develop- 
ment it decreased somewhat. The only exception to this was the 
total 1-percent hydrochloric acid extractives, the figures for which 
show, in general, an upward trend. 

After an initial increase, the percentage of uronic acids (as anhy- 
drides) in the culms, sheaths and leaves, and the roots decreased 
slightly as the plant matured. In the chaff and in the rachises and 
branches of the panicle there was also a decrease, although an irregular 
one, as the plant grew older. The weight of the total uronic acids 
(as anhyrides) in the plant increased as the plant developed and grew 
to maturity. 

The percentages of the total furfural and pentosans in the culms, 
sheaths, and leaves increased regularly and reached a maximum 
when the plant was 63 days old. Subsequently there was a decrease, 
but at or near maturity there was a slight increase. After a slight 
variation in the early development of the several parts of the plant 
studied, the percentage of furfural furnished by the uronic acids 
remained fairly constant. In the culms, sheaths, and leaves, the per- 
centage of furfural yielded by the uronic acids, expressed as _ per- 
centage of the total furfural, ranged from 23.4 in the early stages of 
growth to 6.8 at maturity. In the chaff and in the rachises and 
branches of the panicle, the percentage of furfural yielded by the 
uronic acids, expressed as percentage of the total furfural, ranged from 
about 6 in the early stages of growth to a little over 5 at maturity, 
while in the roots it ranged from about 8.5 to 6.25. The percentage 
of furfural yielded by the Cross and Bevan cellulose of the culms, 
sheaths, and leaves increased, though not regularly, as the plant grew 
older and matured. The percentage of furfural yielded by the pentoses 
of the polyuronides of the culms, sheaths, and leaves increased at first 
and then decreased irregularly. As the plant grew older, in each part 
except the roots more than 50 percent of the total furfural was fur- 
nished by the pentoses of the polyuronides. The weights of the total 
furfural-yielding substances and pentosans generally increased as the 
plant grew older and matured. 

The percentages of Cross and Bevan cellulose, as well as the cellu- 
lose of the culms, sheaths, and leaves, and rachises and branches of 
the panicle, increased, but not regularly, as the plant grew older. In 
the roots the percentages of these constituents did not materially 
change. The percentage of xylan in the Cross and Bevan cellulose 
from the culms, sheaths, and leaves, rachises and branches of the pan- 
icle, and roots increased somewhat as the plant grew older, but the 
increase was neither consistent nor even. The weights of Cross and 
Bevan cellulose, xylan in the Cross and Bevan cellulose, and cellulose 
increased irregularly as the plant grew older. 
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The percentages of reducing and nonreducing sugars (calculated as 
glucose and sucrose, respectively) in the culms, sheaths, and leaves, 
chaff, and rachises and branches of the panicle increased in the early 
stages of growth and then decreased markedly as the plant grew 
older. 

The percentage of lignin, as well as methoxyl] in the lignin, in the 
culms, sheaths, and leaves, chaff, rachises and branches of the panicle, 
and roots generally increased as the plant developed and matured. 
The weight of total lignin also increased with the development and 
maturity of the plant. 

In the fully mature plant, more than 80 percent of the total firmly 
bound methoxyl] in the culms, sheaths, and leaves was found in the 
lignin. In the early stages of the development of the plant, the 
methoxyl not in the lignin, expressed as percentage of the total firmly 
bound methoxyl, was rather high, but the percentage of this decreased, 
in the main, as the plant grew older and matured. The lignin meth- 
oxyl, expressed as percentage of the total firmly bound methoxyl, in 
the roots ranged from 70.7 to 87.0. 

The results obtained in this investigation indicate that the plant 
does not synthesize lignin from cellulose, pectin, or pentosans. The 
data are also not in harmony with Klason’s hypothesis that conifery] 
alcohol (or aldehyde) is the intermediate substance utilized by the 
plant in the synthesis of lignin. It is suggested that lignin is synthe- 
sized by the plant directly from either glucose or sucrose. Among the 
first steps in the synthesis of lignin is the production of a substance 
or substances having firmly bound (in etherlike combination) meth- 
oxyl groups, which may be formed in the course of splitting up car- 
bohydrates by a process of hydrolysis, oxidation, reduction, and 
dehydration. The observed presence of large quantities of substances, 
presumably carbohydrates, containing firmly bound methoxyl groups 
and the gradual decrease of these substances with the increase in the 
content of lignin lends support to this hypothesis. 
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A MOSAIC DISEASE OF CABBAGE' 


By R. H. Larson, research associate in plant pathology, University of Wisconsin, 
and formerly agent, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, and J. C. WALKER, professor of plant pathology, University of 
Wisconsin, and agent, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, United States Department of Agriculture ? 


INTRODUCTION 


For several years a mosaic disease has been observed on cabbage 
(Brassica oleracea capitata L.) in southeastern Wisconsin, but not 
until 1934 did it become widely prevalent. Preliminary investigations 
of the disease started in that year have already been reported by 
Blank (4).* The present writers took up the study in 1936 when the 
great destructiveness of the disease emphasized the need for more 
detailed information concerning the properties, vectors, and host 
range of the virus. 

The masking of symptoms which may occur on cabbage has un- 
doubtedly delayed recognition of the real severity of this disease. 
Its potential destructiveness was clearly emphasized in 1936 when 
widespread occurrence followed a heavy infestation of cabbage aphids 
which continued for the major part of the growing season. The yield 
from several thousand acres was reduced by approximately one-half, 
and the internal necrosis of heads which became evident at and follow- 
ing harvest resulted in still further losses. 

The object of the present study was to record the symptoms of this 
disease on cabbage and other hosts, to determine the host range of 
the virus, to investigate the means of its transmission and overwinter- 
ing, and to describe the virus as well as possible by a study of its 
properties. Preliminary reports have been published elsewhere 
(21, 44). 


PREVIOUS WORK ON VIRUS DISEASES OF CRUCIFERS 


The first reports of a transmissible virus disease on cruciferous 
plants were made in 1921, when, as a result of independent investiga- 
tions in two laboratories, the mosaic disease of turnip (Brassica 
rapa I..) was described. Gardner and Kendrick (//) at the Indiana 
Experiment Station transferred, by mechanical inoculation, the infec- 
tious entity from naturally occurring mosaic-diseased turnips to plants 
of the same species. They did not secure infection on radish (Rap- 
hanus sativus L.). Schultz (28), working concurrently at the Bureau 
of Plant Industry laboratories in Washington, D. C., had brought to 
his attention by W. A. Orton mosaic-diseased plants of turnip, 
Chinese cabbage (Brassica pekinensis (Lour.) Gagn.), and pot-herb 
mustard (B. japonica (Thunb.) Sieb.). He found that the infectious 
entity could be transmitted interchangeably between the three species 


' Received for publication January 6, 1939. Cooperative investigations of the Wisconsin Agricultural 
: xperiment Station and the Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry 
1.8. Department of Agriculture. 
2 The writers express sincere appreciation to Eugene H. Herrling for making the photographs used in this 
paper. Valuable assistance was rendered by a grant from the Federal Works Progress Administration. 
3 Italic numbers in parentheses refer to Literature Cited, p. 390. 
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either by mechanical inoculation or by means of the aphid vector, 
Myzus persicae (Sulz.). A mosaic disease of Chinese cabbage has 
since been reported in many parts of the world (1, 6, 8, 9, 15, 20, 23, 25, 
35, 45), and recently the disease on this plant has been described fully 
from California by Tompkins and Thomas (42). Equally wide- 
spread have been reports of turnip and rutabaga mosaic (2, 5, 6, 10, 14, 
13, 16, 26, 45), the former having been described most completely in 
a recent paper by Tompkins (40). Other reports of mosaic on crucifers 
before 1930 were on Raphanus sativus caudatus (L.) Bailey from India 
(19), and on an unnamed species of Raphanus and on charlock 
(Brassica arvensis (L.) Ktze.) from Denmark (1/3). Between 1926 
and 1929 a number of cruciferous hosts to the sugar-beet curly top 
virus were reported from the Pacific coast (22, 29, 30). 

As early as 1910, Stewart (34, p. 167) observed in New York fields 
a necrotic flecking of the outer and inner head leaves of cabbage. He 
did not suggest a virus as the inducing agen¢y, but it may well have 
been that his observations were concerned with the effects of cabbage 
mosaic. A chemical study of a mosaic disease of cabbage was re- 
ported by Jodidi et al. (17) in 1920, although these workers were 
unable to demonstrate that they were working with an infectious 
virus disease. In 1924 Spierenburg (33) in Germany noted internal 
flecking of cabbage which resembled the symptoms of cabbage mosaic. 
Following the preliminary report of cauliflower mosaic in New York 
by Thatcher (36), Clayton (6) reported extensive cross-inoculation 
studies with the virus from mosaic-infected rutabaga on Long Island. 
He failed to secure infection on cabbage although he transmitted the 
virus to its sister subspecies, cauliflower and Brussels sprouts (Bras- 
sica oleracea botrytis LL. and gemmifera DC.) and to several other cru- 
cifers. The first authentic transfer of a mosaic virus to cabbage was 
reported in 1934 by Tompkins (37) in the transfer of cauliflower mosaic 
to that host. In 1935 Hoggan and Johnson (16), who obtained inocu- 
lum from a naturally infected turnip collected in southeastern Wis- 
consin by the senior author of this paper and from horse-radish col- 
lected in Illinois, secured positive infection of cabbage. It was 
obvious by this time that probably several mosaic viruses of crucifers 
occurred, and the last-mentioned authors were the first to make 
studies of the properties of this group (16). In this same year the 
first natural occurrence of mosaic on cabbage was described from 
southeastern Wisconsin by Blank (4). This was followed by reports 
from Oregon ‘and Washington.’ A ringspot virus disease of cabbage 
was described from England by Smith (32) in 1935, but this disease 
appears to be distinct from mosaic and more likely is similar to the 
disease reported later from California by Tompkins et al. (47). 

The full account of the cauliflower mosaic of the Pacific coast (39) 
shows it to be distinct from the disease described in this paper. Among 
the other cruciferous hosts upon which the natural occurrence of 
mosaic has been described recently are wild radish (Raphanus rapha- 
nistrum L.) (43), rape (Brassica napus L.) (5, 18). colza (B. napus L. 
oleifera DC.) (18), horseradish * (7), pe-tsai and Chinese mustard (2), 
honesty (Lunaria annua L.) (24), wallflower (Cheriranthus cheiri L.) 


*McWuorter, F.D. MOTTLING OR BREAKING IN DAME’S ROCKET IN OREGON. U.S. Bur. Plant Indus., 
Plant Dis. Reptr. 20: 199. 1936. 

5’ Jones, LEON K. OBSERVATIONS ON PLANT DISEASES IN WASHINGTON IN 1936. U.S. Bur. Plant Indus., 
Plant Dis. Reptr. 20: 230-235. 1936. 

* Kapow, K. J., and ANDERSON, H. W. BRITTLE ROOT OF HORSERADISH IN ILLINOIS. U.S. Bur. Plant 
Indus., Plant Dis. Reptr. 20; 288. 1936. 
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(3, Rept. 21; 31), dames rocket (Hesperis matronalis L.),’ and stock 
(Matthiola incana R. Br.) (12, 31, 38). The mosaic disease of water 
cress (Nasturtium officinale R. Br.) (3), was shown to be due to a strain 
of cucumber virus 1. The identity of many of the other virus diseases 
just mentioned, however, remains in doubt because of the lack of 


D 


IGURE 1.—A, Young infected leaf showing mottle and chlorosis; B, chlorosis 
followed by necrosis in a leaf in which infection has progressed for a longer 
interval; C and D, outer leaves of diseased mature cabbage showing chlorosis 
and bands of necrotic tissue. In C the necrosis is limited to an area extending 
from midrib to margin. 


sufficient study of the virus concerned in each case. It is obvious 
that the time has come when the mere record of a mosaic disease of 
crucifers is of little value. A thorough analysis of symptomatology 
of the disease on various suscepts and a study of the properties of the 
virus are essential for distinction. 


7 See footnote 4. 
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SYMPTOMS OF MOSAIC DISEASE ON CABBAGE 


The appearance of the mosaic disease as it occurs on cabbage in the 
greenhouse and under field conditions in southeastern Wisconsin will 
be considered first. Symptons do not develop in the inoculated leaves 
but rather in those which become infected later through systemic 
spread of the virus. The first symptom on young systemically invaded 
leaves is a slight yellowing with a clearing of the veins beginning 
usually at the distal portion of the leaf. This is followed by mottling 
and more distinct vein clearing (fig. 1, A). The symptoms which 


Fiaure 2.—-A, Mature cabbage head infected with the virus showing internal 
necrosis of the parenchyma. B, Parting of leaves from core due to abscission- 
layer formation as a result of virus infection. C, a, uninoculated control; 
b, plant inoculated during the early part of the season, showing in comparison 
with the control the effect of progressive stunting and defoliation. 


develop later vary considerably. They commonly consist of slight 
vein banding and savoying of the leaf lamina while the normal pro- 
duction of “leaf bloom” is retarded. The retardation of bloom 
produces a distinct off-type color in the bluer varieties, giving them a 
decidedly yellowish cast. As infected leaves become older, necrotic 
spots commonly occur on or along the veins and in the parenchyma 
(fig. 1, B). The spots on young inoculated plants are usually 1 to 3 
mm. in diameter, sunken, and blue black in color. On the veinlets 
they may be linear, but on veins and midribs they are circular. The 
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FiagurE 3.—A, Virus-free seed plants; B, advanced stage of virus symptoms on 
infected seed plants, consisting of declined vigor, defoliation, and impaired 
seed set. 


savoying of the interveinal tissue, which is usually a deeper green 
than normal, is often followed by twisting or curling of the midrib. 
In the field the symptoms may be masked very effectively, depend- 
ing upon environment and possibly to some extent upon the variety. 
Warm midsummer weather is favorable to this disease, and in south- 
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eastern Wisconsin July and August are the months when it appears 
most conspicuously. Growth may be stunted without any sign of 
mottle or necrosis. Owing to leaf chlorosis and suppression of bloom, 
the color may appear yellower than normal. The outer leaves are 
inclined to be more erect and, being curved along the midrib, to clasp 
the head more tightly than is normal. The outer leaves show a variety 
of effects. Diffuse to prominent mottling may occur, sometimes 
followed by necrotic spots in the interveinal regions of the leaves. 


Figure 4.—A, Leaf of mature cauliflower infected with the virus, showing vein 
banding, mottle, chlorosis, distortion, and midrib twisting; B, chlorotic and 
necrotic mottle in the form of vein banding on sprouting broccoli. 


Or, with little evidence of chlorosis, a necrosis may occur, either in 
spots or in continuous or interrupted bands which often extend to the 
edge of the leaf. These necrotic areas are brown, blue black, or purple, 
and as they grow older the tissue becomes dry and brittle (fig. 1, C 
and D). A common effect of systemic infection of cabbage is pre- 
mature leaf drop. This may proceed whether or not other symptoms 
are conspicuous or even distinguishable. This condition results from 
premature formation of the abscission layer between the midrib or 
petiole and the main stem, and it is one of the most destructive phases 
of the disease (fig. 2, C). 

Head necrosis also occurs (fig. 2, A, B), although it is not so fre- 
quent as the symptoms already described. It develops either as the 
head approaches maturity in the field or later in storage or transit. 
Sometimes it is confined to a few outer head leaves but it may be 
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scattered throughout the head. Commonly only a portion of a head 
leaf is affected from exterior to center. The necrosis is usually in the 
form of small, sunken, brown to black spots which are most numerous 
in the interveinal tissue where they may merge with one another to 
form larger spots. Black leaf speck may also result from suboxida- 
tion or low temperatures in storage, but this type is not associated 
with premature leaf drop. One common effect of the virus on the 
stored heads is the continuation of the untimely and premature forma- 
tion of the abscission layer between petiole and main stem (fig. 2, B). 


A B 


FigurE 5.—A, Chinese cabbage inoculated with the cabbage mosaic virus, show- 
ing stunting, vein clearing, chlorosis, and leaf twisting, while the older leaves 
show necrosis; B, uninoculated control of the same age. 


This effect may proceed up the entire length of the core, making the 
head worthless for market. 

The masking of symptoms in cabbage plants is emphasized in hold- 
ing them for seed production. It has been a common observation by 
the writers that normal healthy appearing plants selected for seed 
purposes often develop severe symptoms after the seed stem and 
branches have emerged in the greenhouse, or in the field the following 
season. Mottle of leaves, stems, and pods is common in such cases, 
followed by necrosis, drying, and premature dropping of the leaves. 
The vigor of such plants is often greatly reduced, and an increase in 
blasting of flower buds may occur (fig. 3). Necrosis of seed pods and 
impaired seed set have been often observed. 
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SYMPTOMS ON OTHER CRUCIFERS 


The cabbage mosaic disease occurred in destructive form on cauli- 
flower in southeastern Wisconsin in 1936, and the virus, when re- 
covered, was found to be identical with that on cabbage in the same 
area. When young cauliflower plants are inoculated in the greenhouse 
the first symptoms are vein clearing, slight mottling, and yellowing 
of the younger leaves. The vein clearing gradually changes to vein 
banding, which consists of continuous, narrow, dark-green bands 
parallel with the midrib and veins but more conspicuous along the 
veins (fig. 4, A). Chlorotic bands along the veins may occur as well. 





A 


FiagurE 6.—A, Radish (Globe type) infected with the cabbage mosaic virus 
showing systemic infection, stunting, chlorosis, and retarded development 
of the fleshy hypocotyl; B, uninoculated control. 


Mottle may consist of small spots or large areas. Necrosis appears 
later in the form of brown to blue-black linear lesions at the outer 
edges of the green or chlorotic bands along the veins. In the field vein 
banding and leaf distortion are particularly conspicuous as well as 
mottle and necrotic banding. Leaf distortion is much more con- 
spicuous than on cabbage. The symptoms are often more severe on 
one side of the leaf than on the other and the resultant uneven growth 
causes much twisting of leaves and one-sided development of the 
plant as a whole. 

In other subspecies of Brassica oleracea—kale, Brussels sprouts, 
kohlrabi, and sprouting broccoli—systemic vein clearing is again the 
first sign of infection, while conspicuous mottling, necrosis, leaf dis- 
tortion, and general retardation of growth are conspicuous. Chlorotic 
mottle followed by necrotic bands parallel with the veins commonly 
develops on these hosts as on cauliflower (fig. 4, B). 

Chinese cabbage is very susceptible to the cabbage virus. Vein 
clearing, chlorosis with some mottling, and necrosis are conspicuous. 
Leaf distortion is very common and pronounced general stunting of 
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the plant follows early infection under optimum environmental 
conditions (fig. 5). 

Infected radish leaves develop vein clearing, mottle, slight chlorosis, 
and savoying. There is also some malformation and twisting. The 
plants are stunted and normal enlargement of the hypocoty] is retarded 
(fig. 6). 

Symptoms on annual stock (Matthiola incana (L.) R. Br.) consist of 
vein clearing, chlorosis along the veins, mottling, and slight to severe 
stunting. Leaf malformation tends to be linear with some twisting 
and curling (fig. 7). Complete or sectional breaking of the flowers 





= 


FicguRE 7.—A, Healthy Matthiola incana (annual stock), B, virus-infected plant 
showing stunting, vein clearing, and a limited amount of chlorosis. 


in the form of streaks or bands results in distortion, with undersized 
and variegated petals (fig. 8). 

Other cultivated crucifers found to be susceptible are listed later 
in the paper. The chief symptoms on all of these are varying degrees 
of systemic vein clearing, chlorosis, mottling, leaf distortion and 
stunting. The mottling is very conspicuous on dames violet (fig. 9). 


TRANSMISSION STUDIES 
METHODS AND MATERIALS 


The virus used in these studies was obtained from cabbage grown 
in the yellows-resistance trial plot in Kenosha County, Wis., and has 
since been propagated on cabbage in the greenhouse at Madison, Wis. 
Frequent transfers were made to healthy cabbage to insure a constant 
supply of inoculum. The greenhouse temperature usually ranged 
from 22° to 25° C., and frequent fumigation for the control of insects 
was practiced. Artificial inoculations were made with extracted 
juice, and powdered carborundum was used regularly as an abrasive 
on cruciferous hosts (27), but was found to be unnecessary on many 
of the other susceptible hosts. 
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Healthy cabbage and turnip plants were employed for rearing 
colonies of the peach aphid (Myzus persicae (Sulz.)) and cabbage 
aphid (Brevicoryne brassicae (L.)). To increase vigor and to purify 








Figure 8.—‘‘Breaking’’ of flowers in the terminal racemes of Matthiola incana 
infected by the cabbage mosaic virus; petals undersized and variegated. 


the cultures, new colonies were increased by transferring winged adults. 
Small numbers of viruliferous aphids were transferred directly to test 
plants with a camel’s-hair brush, avoiding contact between the trans- 
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fer brush and the test plants. When a large number was to be trans- 
ferred, a leaf with many aphids was detached and placed on a small 
piece of paper and the paper was allowed to rest on the leaf of the 
healthy test plant until the viruliferous aphids migrated to the plant. 
Reinoculations from test plants were made to tobacco and cabbage 
to determine the presence or absence of the virus. All plants tested 
for susceptibility to the virus were checked in this manner. Sus- 





A 





FicguRE 9.—Symptoms produced by the cabbage mosaic virus on leaves of dames 
violet: A, Leaf from uninoculated control; B, leaf from inoculated plant show- 
ing very conspicuous mottling. 


ceptible species were repeatedly tested and compared with uninocu- 
lated controls. Details of unusual methods are described later. 


CULTIVATED CRUCIFERS SUSCEPTIBLE TO THE VIRUS 


All the cruciferous species tested were found capable of harboring 
the virus and of exhibiting symptoms when infected. The following 
list contains the forms tested; the symptoms on many of these have 
already been described. 


Brassica oleracea viridis L. (kale—var. Dwarf Green Curled). 
B. oleracea L. gemmifera DC. (Brussels sprouts—var. Long Island Improved). 
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B. oleracea capitata L. (cabbage—vars. Wisconsin Hollander, Wisconsin All 
Seasons, Jersey Queen, Marion Market, Golden Acre, Danish Ballhead, and 
Mammoth Rock Red). 

B. oleracea botrytis L. (cauliflower—var. Snowball). 

B. oleracea botrytis L. (broeecoli—var. Green Sprouting). 

B. oleracea gongylodes L. (kohlrabi—var. Early White Vienna). 

B. napus L. (rape—var. Dwarf Essex). 

B. campestris (L.) napobrassica DC. (rutabaga—vars. American Purple Top and 
White Russian.) 

B. rapa L. (turnip—vars. Purple Top White Globe and Snowball). 

B. juncea (L.) Coss. (leaf mustard—var. Tender Green). 

B. pe-tsai Bailey (Chinese cabbage—var. Chihli). 

B. alba (L.) Boiss (white mustard). 

Cheiranthus allionii Hort. (Siberian wallflower). 

Matthiola incana R. Br. (stoek—var. Dwarf Ten Weeks). 

Hesperis matronalis L. (dames violet). 

Lepidium sativum L. (garden cress—var. Extra Curled). 

Raphanus sativus L. (radish—vars. French Breakfast and Crimson Giant). 


WILD CRUCIFEROUS HOSTS 


All cruciferous weeds inoculated were found to be susceptible. 
Dwarfing and slight mottling with some vein clearing are the usual 
symptoms. In the case of shepherds-purse, wild peppergrass, and 
hoary alyssum the early symptoms on fairly old leaves appear in 10 to 
15 days after inoculation as chlorosis along the leaf margins, slight 
savoying, and mottle, followed eventually by necrosis and death 
(fig. 10). Young leaves become dwarfed and curled, but they persist 
and give the plants a stunted appearance. This dwarfed, rosette ap- 
pearance is typical of the naturally infected plants of these weeds 
found in the field. The seedstalks and pods from such plants are 
usually malformed. 

The following species were tested. In each case the habit of the 
plant in the upper Mississippi Valley is indicated (A= annual; WA= 
winter annual; B= biennial; P=perennial). 

Berteroa incana (L.) DC. (hoary alyssum) A or P. 
Capsella bursa-pastoris (L.) Medic. (shepherds-purse) A or WA. 
Neslia paniculata (L.) Desv. (ball mustard) A or WA. 
Radicula palustris (L.) Moench. (marsh cress) A or B. 
Sisymbrium officinale (L.) Scop. (hedge mustard) A or WA. 
Sisymbrium altissimum L. (tumblemustard) A or WA. 
Lepidium virginicum L. (wild peppergrass) A or B. 
Lepidium sativum L. (peppergrass) A or B. 

Thlaspi arvense L. (pennycress) A or WA. 

Brassica arvensis (L.) Ktze. (charlock) A. 

Brassica nigra (L) Koch (black mustard) A 
Brassica juncea (L.) Coss. (Indian mustard) A. 


NONCRUCIFEROUS HOSTS 


In contrast to hosts that show a mottle and chlorosis when sys- 
temically infected with the cabbage mosaic virus, Swiss chard (Beta 
vulgaris cicla L..) and sugar beet (B. vulgaris L.) develop an erratic 
localized type of systemic lesions (fig. 11). The first symptoms ex- 
hibited are numerous small dark local spots. These increase in size, 
the center changing to a brick red, and on coalescence, necrotic areas 
develop in the parenchyma, giving the effect of vein banding. In the 
older infected leaves severe necrosis develops first at the distal portion 
and progresses toward the base. The tissues gradually become dry 
and brittle and the leaf dies. 
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Figure 10.—Cruciferous weeds infected with the cabbage-mosaic virus: A, Shep- 
herds-purse; B, wild peppergrass; C, hoary alyssum. a, Uninoculated controls; 
b, inoculated plants. 





Systemic infection in spinach (Spinacia oleracea L. var. Bloomsdale) 
appears as conspicuous vein clearing, well-marked progressive chlorosis, 
and some necrosis. Considerable malformation of the leaves and 
stunting are very evident (fig. 12, B, 6). 
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Infected larkspur (Delphinium ajacis L.) develops mottle with sligh‘ 
necrosis at the tips of the leaves. Later bleaching and vein banding 
of the leaves is evident. The older infected leaves become dry and 
brittle and drop. The infected plants are usually very much stunted. 
The flowers show breaking in the form of white streaks or flecks. 
Systemic infection in petunia (Petunia hybrida Vilm. var. Rose King) 


FicuRE 11.—A, Erratic type of systemic infection on leaves of sugar beet (a, b, c) 
infected with the cabbage-mosaic virus; uninoculated control (d). 3B, b, In- 
fected plant of Swiss chard showing localized or spot type of systemic infection; 
a, uninoculated control. 


results in a marked stunting, conspicuous mottle, and chlorosis without 
breaking of the flower (fig. 12, A). In calendula (Calendula officinalis 
L.. var. Balls Orange) the first symptoms appear as clearing of the 
veins and mottle. This is followed by pronounced mottling and 
necrotic spotting. A twisting of the leaves and severe stunting are 
evident. Zinnia (Zinnia elegans Jacq. var. Orange and Gold) shows 
vein clearing followed by chlorosis and stunting. 
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REACTION OF SPECIES OF NICOTIANA 





Infection of cruciferous and noncruciferous hosts described above 
was definitely systemic. In the species of Nicotiana tested infection 
was either localized, erratic (i. e., inoculation resulting in local lesions 
followed by systemic infection), or systemic (fig. 13). In tobacco 
(variety Connecticut Havana No. 38), N. tabacum calyciflora L., N. 





riguRE 12.—A, a, Uninoculated petunia; b, petunia infected by the cabbage- 
mosaic virus, showing pronounced vein clearing, chlorosis, and stunting. 
B, a, Uninoculated spinach; b, virus-infected spinach plants showing stunting 
and conspicuous chlorosis. 


sylvestris Speg., and in the F, hybrid of N. tabacum XN. glutinosa, 
small individual necrotic lesions appear on the inoculated leaves in 
from 3 to 4 days. The necrotic area enlarges rapidly up to 3 cm. or 
more in diameter, usually showing a brick-red center with concentric 
rings and a darker band at the edge. The older lesions become dry 
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and die out, and as they coalesce a large part of the leaf becomes in- 
volved. No systemic invasion occurs. WN. sylvestris differed from 
the rest in that the local lesions did not appear on the inoculated 
leaves until 12 to 15 days after inoculation. 

In Nicotiana glutinosa a faint halo type of chlorosis appears in from 
12 to 15 days on systemically infected leaves, which is followed by a 





b C 
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FiGuRE 13.—A, a-c, Older local lesions on the F; hybrid of Nicotiana tabacum  N. 
glutinosa produced by transferring Myzus persicae from cabbage infected with 
the mosaic virus. 8B, Infected leaves of N. glutinosa: a and 6, Older chlorotic 
lesions and necrosis; c, early halo type of chlorotic spots that form on sys- 


temically infected leaves to which the virus has spread from lower inoculated 
leaves. 


more conspicuous yellowing with slight necrosis. The necrosis gradu- 
ally involves the entire leaf but the virus is not fatal, for symptoms 
continue without preventing flowering and seed setting (fig. 13, B). 
In N. rustica L. no primary symptoms appear on the inoculated leaves. 
Secondary symptoms appear in about 15 days, consisting of irregular, 
diffused chlorosis and definitely marked progressive mottling of light 
and dark-green areas. Leaf distortion may follow in the form of one- 
sided infection and twisting (fig. 14, A, a, 6). 
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In Nicotiana repanda, Sims primary local lesions appear in 3 to 4 days 
with dark centers and concentric rings. They enlarge and coalesce to 
form an irregular necrotic pattern, the inoculated leaves often becom- 
ing ¢ ompletely necrotic and dry. Early secondary symptoms consist 
of mild local chlorosis followed successively by mottling and necrosis. 
The plants usually are very much stunted. In N. quadrivalvis 


oa® 





b 
Figure 14.—A, Symptoms of systemic infection of Nicotiana rustica by the 
cabbage-mosaic virus are chloratic spotting and distortion (a, b); Healthy 
control (c). B, a, Stunting, vein clearing, chlorosis, and leaf malformation of 


N. multivalvis infected with the cabbage-mosaic virus; 6b, uninoculated control. 


Pursh primary symptoms were not observed on the inoculated leaves. 
Vein clearing and yellowing of the younger leaves occurred in from 14 
to 16 days, followed by stunting of the growing point. Leaf distortion 
in the form of twisting and narrowing appears with progressive chloro- 
sisand savoying. No necrosis dev elops and the symptoms continue to 
appear until flow ering. Chlorosis, vein clearing, and stunting of the 
younger leaves are evident on N. multivalvis Lindl. in about 15 days, 
with no primary symptoms on the inoculated leaves. The chlorotic 
patterns gradually become necrotic in older plants (fig. 14, B, a). 
179777 —39——5 
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Ficure 15.—Leaf symptoms produced by systemic infection of the cabbage- 
mosaic virus on Nicotiana langsdorfii, showing chlorotic mottling and distortion 
of the intercostal area. 


Systemic infection appears in the form of conspicuous chlorosis on N. 
langsdorfii Schrank. Well-marked mottling of light- and dark-green 
areas With some leaf distortion follows (fig. 15). In N. bigelovii (Torr.) 
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S. Watts the virus produces pronounced, systemic infection in the form 
of conspicuous stunting and chlorosis 15 days after inoculation. 


SPECIES NOT INFECTED BY THE VIRUS 


Attempts to transmit the cabbage-mosaic virus to the following 
species were unsuccessful: 

Yellow dock (Rumez crispus L.); buckwheat (Fagopyrum esculentum 
Moench), var. Silver Hull; pigweed (Chenopodium album L.); broad- 
bean (Vicia faba L.); nasturtium (Tropaeolum majus L.); var. Golden 
Gleam; pansy (\ “iola tricolor L. ), var. Black King; tomato (Lycopersi- 
cum esculentum Muill.), var. Globe; red currant tomato (L. pimprnelli- 
folium Dunal); potato (Solanum tuberosum L.), vars. Irish Cobbler 
and Rural New Yorker; nightshade (S. nigrum L.); eggplant (S. melon- 
gena L.), var. Black Beauty; buffalo-bur (S. rostratum Dunal); Nico- 
tiana sanderae Sander; N. longiflora Cav.; N. nudicaulis S. Wats.; 
snapdragon (Antirrhinum orontium L.), var. Rust Proof; muskmelon 
(Cucumis melo L.), var. Milwaukee Market; cucumber (C. sativus L.); 
var. Chicago Pickling; Watermelon (Citrullus vulgaris Schrad.), var. 
Stone Mountain; dandelion (7araracum officinale Weber) ; head lettuce 
(Lactuca sativa L. capitata Hort.), var. Iceberg; and China-aster 
(Callistephus. chinensis (L.) Nees), var. Giant Blue (Wilt resistant). 


INSECT TRANSMISSION 


The species of insects found on cabbage in the field, viz, the cabbage 
aphid (Brevicoryne brassicae), green peach aphid (Myzus persicae 
Sulz.), and the imported cabbage worm (Pieris rapae L.) were studied 
as possible vectors. In view of possible variations in the concentra- 
tion of the virus in leaves of different ages on the same plant, virulifer- 
ous aphids from leaves of corresponding ages were used in all transmis- 
sion studies. Cabbage (var. Jersey Queen) and shepherds-purse were 
used as test plants. In tests with the cabbage aphid it was found that 
the feeding time required for nonviruliferous apterous forms to acquire 
the active principle was one-half hour and transmission of the virus 
was accomplished in a period of equal length. When the apterous non- 
viruliferous peach aphids were tested, the time to acquire the virus 
was slightly longer, although transmission of the virus to healthy test 
plants resulted after a feeding time of one-half hour. The short feed- 
ing period on both diseased and healthy test plant indicate quite 
definitely that a long incubation period of the virus within the two 
vectors does not take place. It was also found that viruliferous cab- 
bage and peach aphids are capable of infecting four consecutive 
healthy t test plants without intermittent feeding on the source of 
inoculum. A feeding period of 1 hour was allowed for each successive 
test plant. The possibility of reinfection of the aphids with accumu- 
lated virus from the test plant does not seem likely because of the 
short feeding period on consecutive test plants. The alate forms of 
both species were also shown to be capable of serving as vectors. 

The cabbage worm was found to be effective in transmission of 
the cabbage mosaic virus in greenhouse tests. A small number, 
usually three, viruliferous cabbage worms, having previously fed on 
diseased plants for 24 hours, were transferred directly to the test 
plants and allowed to feed for as much as 4 hours and not more than 
6 hours since longer feeding periods completely defoliated the test 
plants. In four series of 5 plants each, it was found that 16 of the 20 
test plants produced typical symptoms. 
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TEMPERATURE RELATIONS OF THE DISEASE 


The relation of temperature to the disease was studied under 
controlled conditions in the greenhouse. Healthy cabbage plants 
were artificially inoculated and an equal number (20) placed in each 
of a series of greenhouses which were kept as uniformly as possible 
at 16°, 20°, 24°, and 28° C., respectively. An equal number of checks 
was included. Two such experiments were conducted with similar 
results. At 16° a very slight mottling developed, visible with trans- 
mitted light only, and there was no vein clearing. Otherwise it was 
not possible to distinguish between inoculated and healthy plants. 
Slight symptoms occurred at 20° and a few plants showed vein 
clearing. At 24°, vein clearing and a distinct increase in mottling 
occurred with some necrosis on most plants. Pronounced symptoms 
occurred at 28°, although an increase in the chlorotic type of mottle 
developed. When diseased plants grown at the higher temperatures 
(24° or 28°) were removed to the cooler greenhouse (16°), new foliage 
of normal appearance developed. These series showed conclusively 
that the disease is expressed more rapidly and severely at high air 
temperatures, a result which is in full accord with the observations 
made upon the epidemiology of the disease in the field. 


PROPERTIES OF THE VIRUS 


In the study of the properties of the cabbage-mosaic virus, expressed 
juice of diseased cabbage plants was treated and then used to inoculate 
tobacco as the test plant. The average number of local lesions on 
one leaf of each of 10 plants in three trials each was used as the 
criterion for comparison (table 1). The longevity in vitro at about 
20°-22° C. was found to be between 24 and 48 hours. The virus 
has an inactivation temperature at or near 55° for a 10-minute treat- 
ment and a dilution tolerance of about 1 to 1,000. The virus is 
readily inactivated by drying. 


TABLE 1.— Properties of the cabbage-mosaic virus as determined by local lesions formed 
on inoculation to tobacco 


[10 plants inoculated in each of 3 trials] 


Longevity in | Thermal death-| Tolerance to Longevity in Thermal death | Tolerance 
vitro point dilution vitro point dilution 


ver- | Tem- Avel- Aver- . 
A Ave A Period 
age pera- age age 
of expo- ber! t of be t of expo- 
sure at Umber) ture of number} y);),,_| number eure et Dilu- 

00°-29° of le- | the 10-| of le- tion of le- ‘20°-29° of le- | the 10-| of le- tic 

ae a sions minute) sions sions Cc sions | minute) sions ~— sions 
on 30 | expo- | on 30 on 30 | on 30 | expo- | on 30 on 30 
leaves sure leaves leaves leaves sure leaves leaves 


Aver- | Tem- | Aver- 
age pera- age 
number) ture of |number 


Period 
number 
of 


le- 


(hours) (hours) 


°C °C 
Fo é 54 q 1:1, 000 


) ‘ nae % 
52 ‘ = 55 1:2, 000 
53 56 1:3, 000 


In the study of virus diseases of cruciferous crops, reports of prop- 
erty studies have been given in only a few cases. A summary of the 
data reported are shown in table 2. Because of the uncertainty still 
existing concerning the number and identity of the viruses reported on 
cruciferous hosts, it seems well to indicate briefly the significant differ- 
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ence between the viruses mentioned in the table and the one described 
in this paper. The cabbage-mosaic virus reported herewith, when 
compared as to properties and host reaction with the mosaic on turnip 
of Hoggan and Johnson (16), appears to be similar if not identical. 
The cauliflower virus described by Tompkins (39) differs in the ab- 
sence of infection on any species of Nicotiana, in the masking of symp- 
toms at high temperatures (above 20° C.), and in each of the properties 
listed in table 2. The black-ring virus of cabbage differs from the 
cabbage mosaic virus in greater longevity in vitro, in a higher inac- 
tivation point, and in its low temperature optimum. The Chinese 
cabbage mosaic virus of Tompkins and Thomas (42) differs from the 
virus described herein in all of the properties stutied and in the fact 
that it became systemic only in cruciferous hosts. The turnip mosaic 
virus of Tompkins (40) did not become systemic in cabbage. 


TaBLE 2.—Comparison of properties of crucifer viruses as determined by different 
investigators 


Longevity Inactivation | Dilu- 


Authority Host Virus disease papa too temperature | tion tol- 
(10 minutes) | erance 
. 
Hoggan and Johnson 1935 (/6) Turnip Mosaic 24-48 hours | 54 ..| 1-1, 000 
at 22°C. 
Tompkins 1937 (39) Cauliflower do 14-15 days | 75 1-2, 000 
at 22°C. 
Tompkins et al. 1937 (41) Cabbage Black ring 72 hours at | 59 1-1, 000 
__22° Cc 
Tompkins and Thomas 1938 (42) _| Chinese cabbage Mosaic__- 2-96 hours | Between 73 | 1 5, 000 
at 22°C. and 75. 
Tompkins 1938 (40) Turnip do 3 days at | Between 60 | 1-3, 000 
22° C and 63. 
Larson and Walker , Cabbage do___ 24-48 hours | 55 ------| 1-1,000 
at 22°C. 


RELATION OF THE VIRUS TO CABBAGE SEED 


In 1936 mosaic was severe in the yellows-resistant cabbage plots in 
southeastern Wisconsin. There were some indications that infection 
occurred in the seedbed from which the plants were taken. This bed 
was in a secluded spot where crucifers had not been grown for many 
years. A large number of cabbage seed lots from a great many 
sources were included in this seedbed, and it is possible that the virus 
may have been introduced with one or more lots of seed. 

During the winter of 1936-37 numerous diseased cabbage seed 
plants were grown in a cool greenhouse at 16°-20° C. for seed pod 
and seed formation. When extracted juice from young whole seed 
pods was used as inoculum all test plants developed virus symptoms. 
When only the young immature seeds (milk stage) were used as a 
source, the extract also proved to be infectious. Inoculations made 
with the extract from mature seed pods and with that from the 
mature seeds resulted in no infection of the test plants. 

Mature seeds obtained from severely infected seed plants were 
used in seed-transmission trials in the greenhouse. A total of 
plantings was made. All possible precautions were taken to prevent 
contamination from other sources. From a total of 1,764 plants, 26 
were suspected of being diseased upon examination at the transplant. 
ing stage. These were reset for observation and it was found that 2 
of the young plants showed definite mosaic symptoms and the juice 
extracted proved to be infectious. During the course of this experi- 
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ment between 3,000 and 4,000 plants were grown from seed from 
known healthy seed plants, in the same greenhouse, without any sign 
of disease at the transplanting stage. 

While the data secured are not sufficient to serve as a basis for 
final deductions, two tentative conclusions seem to be clear. (1) 
The virus systemically invades the flower parts and the young pods 
and seeds, but if present in mature seeds it is there in such a state as 
not to be readily extracted. (2) The virus, if seed-transmitted, i 
not so perpetuated in a large percentage of cases even when seed is 
collected from very severely diseased pods. In spite of the very 
small number of cases of seed transmission, the growing of plants in 
crowded seedbeds and the effective means of spread by aphids com- 
bine to leave this means of virus introduction and dissemination a 
highly important one unless even rare seed transmission can be 
disproved with absolute certainty. 


OVERWINTERING OF THE VIRUS 


Since all cruciferous weeds found in Wisconsin that were tested 
proved to be susceptible, it was thought that the winter annuals and 
perennials that become infected in the latter part of the growing 
season as a result of migration of viruliferous cabbage or peach 
aphids might serve as an overwintering source of inoculum. A large 
number of cruciferous and noncruciferous weeds were collected in the 
early spring of 1937 before seedbed planting time. These weeds were 
growing on the borders of commercial cabbage and cauliflower fields 
that were heavily infected with the virus during the growing season of 
1936. Many of the weeds collected were dwarfed and rosetted and 
their leaves were chlorotic and necrotic. Artificial and aphid (M. 
persicae) inoculations to young cabbage and shepherds-purse plants 
resulted in the recovery of the cabbage mosaic virus from only two 
cruciferous weeds, shepherds- -purse and pennycress. None of the 
noncruciferous weeds yielded the virus. These two weeds are very 
common winter annuals in southern Wisconsin and may well become 
an important overwintering source of the virus or strains of the 
virus from which aphids may transmit to seedbeds and early trans- 
planted fields in the spring. 


RELATION OF CABBAGE VARIETIES TO THE DISEASE 


In the course of field observations during the widespread occurrence 
of this disease in southeastern Wisconsin in 1935 and 1936 all the 
varieties exposed were infected. It was noted, however, that although 
general infection did occur some varieties were more severely damaged 
than others. Marion Market seemed to be most generally and 
severely affected, whereas Globe in adjacent plantings was less seri- 
ously damaged even though it sustained as high a percentage of 
infected plants. Wisconsin All Season seemed to produce quite 
successfully in spite of general virus infection. 

Some preliminary results were secured at Madison, Wis., in 1936 
in a comparison of inoculated and uninoculated plants of several 
standard varieties, all but one of which (Penn State Ballhead) had 
been selected for resistance to yellows (Fusarium conglutinans Wr.). 
One row of each variety was inoculated artificially with juice extracted 
from diseased plants, soon after the plants had recovered from trans- 
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planting. Thorough application of insecticides to control insect 
vectors was practiced throughout the growing season. At harvest 
weights of heads were taken ‘from 10 inoc ‘ulated and 10 uninoculated 
plants of each variety. The results are given in table 3. 


TaBLE 3.—Comparative yields of healthy cabbage plants of different varieties and 
of plants inoculated with the cabbage-mosaic virus soon after transplanting 


Average weight of heads 
Decrease of weight in 


Variety diseased plants 

Healthy Diseased 

Ounces Ounces Ounces | Percent 
Penn State Ballhead __-. ts . 54.0 27.8 26.2 | 48.5 
Marion Market-- aie oi / : 76.1 46.2 29.9 39.3 
Wisconsin Ballhead _- a 55.8 46.2 | 9.6 17.2 
Wisconsin Hollander. ----.----- one 49.2 41.3 7.9 | 16.1 
en hit i tua Kdateintemiirictens idinneceube 63.0 53.3 | 9.7 | 15.4 
Wisconsin Al] Seasons... --..--. ; i 71.5 63.7 7.8 10.9 


These trials are too limited to furnish sufficient data upon which to 
base an evaluation of varieties. They do confirm, however, the field 
observation that Marion Market is more readily damaged than Globe 
and Wisconsin All Seasons. In this trial Penn State Ballhead appeared 
to be much more susceptible than the yellows-resistant varieties of the 
same type, Wisconsin Hollander and Wisconsin Ballhead. 


DISCUSSION 


It is obvious from the results of this investigation and that of 
other workers that a number of strains of virus affect the crucifers. 
Some of these appear to be confined to this family while others have 
a much wider host range. Some crucifers such as turnip and Chinese 
cabbage are very susceptible to all strains. On the other hand, some 
economic crucifers have a sufficiently differential reaction to aid some- 
what in diagnosis. 

The cabbage mosaic virus described in this paper seems to differ 
in several respects from crucifer viruses reported elsewhere. It is 
extremely virulent on cabbage in the Middle West, where its optimum 
temperature prevails at a time when the cabbage crop is usually just 
past the transplanting stage. Common cruciferous winter annuals in 
this area which become infected in late summer are capable of carrying 
the virus over winter readily. The cabbage aphid, which is com- 
monly present, is an effective vector of the virus throughout the spring 
and summer. The customary procedure of growing plants in crowded 
seedbeds creates a situation especially favorable for extensive dis- 
semination. 

The recent sudden appearance of cabbage mosaic in destructive 
form cannot be explained with entire satisfaction. It has undoubtedly 
been present to a minor degree for many years. Symptoms are 
readily masked under a cool environment and many aspects of the 
foliage symptoms have undoubtedly been confused with those of other 
diseases. 

Further study of the variation of this and other crucifer viruses is 
needed. In view of the findings in other virus groups it is reasonable 
to expect variations in respect to host range, properties, and virulence 
in this group. The extent of such variability will in some measure 
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determine the eventual severity of the disease and it will also have an 
important bearing on the progress that may be expected in the develop- 
ment of resistant varieties. 


SUMMARY 


The mosaic disease of cabbage discussed in this paper is one that 
has been extremely destructive to the crop in southeastern Wisconsin. 

The symptoms brought about on cabbage and many cruciferous 
and noncruciferous hosts are described. 

All cruciferous hosts, cultivated and wild, which have been tested 
were found to be susceptible. 

Among noncruciferous hosts are three important crop plants, Swiss 
chard, sugar beet, and spinach, and three ornamentals, larkspur, 
petunia, pa zinnia. 

The reaction of several species of Nicotiana is given because of the 
importance of these facts in distinguishing the. virus from others. 

A list of plants that did not become infected upon inoculation is 
given. 

Three insects found commonly in commercial cabbage fields, Afyzus 
persicae (peach aphid), Brericoryne brassicae (cabbage aphid) and 
Pieris rapae (cabbage worm) are vectors. B. brassicae picked up the 
virus from diseased cabbage plants in a feeding period of one-half hour 
and viruliferous aphids infected healthy test plants i in a feeding time 
of one-half hour. Af. persicae required 1 hour to secure the virus, 
although the feeding time for infecting healthy plants was the same 
as for the cabbage aphid. Both alate and apterous forms of the two 
species of aphids are vectors. 

Environmental conditions play an important part in the destruec- 
tiveness of the disease and expression of plant symptoms. The dis- 
ease is most severe at temperatures of 24° to 28° C., within which 
range stunting and necrosis occur. New foliage appears symptomless 
when infected plants are held at 16° C. or lower. 

The virus is transmitted mechanically with the aid of carborundum 
as an abrasive. It remains infectious in vitro for 24 to 48 hours at 
20°-22° C. The tolerance to dilution is about 1 to 1,000; the virus is 
inactivated when held at about 55° C. for 10 minutes. Drying 
inactivates the virus. 

The virus has been recovered from young seed pods and immature 
seeds of cabbage but not from mature pods or seeds. Seed-transmis- 
sion has not been finally proved. 

It has been definitely demonstrated that overwintering cruciferous 
weeds are an important source of inoculum in southeastern Wisconsin. 

Indications from preliminary trials confirm field observation that 
certain cabbage varieties are more tolerant to the disease than others. 
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VARIATION AND CORRELATION IN BUD MUTANTS 
OF THE MONTMORENCY CHERRY '! 


By J. W. Crist 


Research associate in horticulture, Michigan Agricultural Experiment Station 
INTRODUCTION 


A bud mutant differs so radically in one or more respects from the 
parent form as to give rise to the question whether if propagated, it 
will be less stable in some, or even all, its characters, than similar but 
normal structures from the same parental source. Should the mutant 
show a tendency toward greater variation in one or more of its aspects, 
the further question arises as to whether this variation is also more 
heterogeneous. That is, does a lower degree of correlation obtain for 
this greater variability? If so, an unusual potentiality for further 
mutation might reasonably be expected. 


MATERIALS AND METHODS 


Intraclass correlations ? were employed as a means of studying 
variation in mutants of the Montmorency cherry (Prunus cerasus L.) 

The trees available for measurement were six in number, standing 
adjacent in a row, on the same type of soil, at the Graham Horticul- 
tural Experiment Station, Grand Rapids, Mich. They originated 
from a limb mutation on a tree in an orchard near South Haven, 
Mich. This limb, kept under observation for several years, in contrast 
to the rest of the tree, formed no fruit buds and was always barren. 


Buds were taken from it in the summer of 1925 and propagated in the 
nursery. The resultant trees were set in the orchard in 1929. Upon 
coming into bearing, they displayed the following characteristics, 
which remained the same in succeeding years and are so at the present 
time: 


Tree 1—Barren, except two main limbs that have reverted to normal fruit-bud 
formation and productivity. 

Tree 2—Wholly barren. 

Tree 3—Barren, except one main limb with reduced but definite and regular 
fruitfulness. 

Tree 4—Like tree 1, except that it has only a single fruitful limb. 

Tree 5— Wholly barren. 

Tree 6—Wholly normal in bearing. 
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Of these six trees, four—Nos. 1, 4, 5, and 6—were used in the present 
study. These four provided two mixed specimens, one specimen 
entirely mutational, and one completely normal. 

The character selected for measurement was leaf area (area of spur 
leaves), a character in which the range of variation is both wide and 
conspicuous. 

The leaves were measured in situ. The length from base to apex, 
in millimeters, was converted into area by the use of a factor previously 
determined and established on the basis of printed and planed areas 
for excised leaves. Regularity of shape in the leaf of the Montmorency 
cherry permits such a procedure. 

The data was gathered in midsummer, 1935. Measurement was 
restricted to nonbearing spur leaves of lateral branches on the wood 
of the year 1933. An additional set of measurements was secured from 
the 1934 wood on trees 5 and 6. Individual leaf areas were added to 
secure the total area per spur. Hence, in the logic and arrangement of 
intraclass correlation, each lateral branch, with its several spurs as 
fraternities, constitutes a general group. 


PRESENTATION OF DATA 
The results of the computations are shown in table 1. 


TABLE 1.—/ntraclass coefficients for leaf areas 


Intraclass 


Trac NI - vee giri : ¥ 
r'ree No Location of leaves Pairings | efficients 


z' values 


Number 

{ Barren part 1, 560 0. 1534 0. 51119 0. 1858 
) Fruitful part 1, 008 . 0794 - 23910 . 1827 
{Barren part S06 . 1769 . 49240 . 1955 
\ Fruitful part 806, . 1498 . 42960 . 1955 
Barren tree 780 . 2781 - 59410 . 1544 
Fruitful tree 690 . 1284 . 30634 . 1645 
1934 wood 990 . 1181 . 41534 . 2346 

do 810 . OR74 . 33191 . 2621 


l I 
i¢g,= 4( 4 )» with m=n’'—1, no=(k—1)n'’ 
¥V “\n n? 


The intraclass coefficients shown in table 1 are all positive. That 
for the barren part is apparently higher in each comparison. How- 
ever, only three of the eight reach the level of sais significance. 
These three pertain to the barren parts of the trees. No one of the 
differences in the four comparisons of z is significant. The data, 
obviously inadequate as to number of observations, yield the sugges- 
tion, though not the full certainty, of real correlations in leaf area, 
those for the mutant forms being higher than those for the normal. 

Incidentally, some information on variability as such, obtained by 
Fisher’s method, is given in table 2. 
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TABLE 2.— Mean squares for variance in leaf areas 


| 
Degrees Log. ; | 
: , : - Differ- lg 
rree No. Location of leaves | of free- snnerce . ,| (mean pee Sums 
dom squares square square) ence 


Sums of Mean 


{ Barren part 5s 34, 036. 55 | 222. 46 5. 4048 7 . 006536 oe 
\ Fruitful part 26 | 25, 598.82 | 203. 5.3141 a . 007937 014478 
{ Barren part y , 639. 7 2 5. 7625 . 008929 i 
\ Fruitful part 2| 39,565.68 | 353.26 | 5.8673 . 1 008929 |f - 017858 
Barren Tree_- : 20, 708. ¢ 29 5. 0701 . . 007692 |) 
Fruitful tree f , 512. 26 3. 5g 9670 cae” 1.008696 |f * 
1934 wood yt 37, 681.37 | 380.6: 5. 9419 ens 010101 
do : u 21, 602. 37 | 266.70 5.5862 |f °° . 012345 iz 
i 


. 016388 


022446 


Consider only the last comparison shown in table 2, in which the 
greatest difference exists. The difference of the logarithms is 0.3557. 
Therefore, z is 0.1779, or half this difference. The variance of 
amounts to one-half the sum of the two reciprocals, and is 0.01122. 
The standard deviation of z is then the square root of this half sum, 
which is 0.1059. 

The greater mean square for tree 5 is significant, since z is 1.68 
times greater than its standard deviation. The differences shown in 
the other three comparisons do not reach the level of significance. 
Larger numbers of observations would be required thoroughly to test 
and establish their reality. The data suggest, although but ‘slightly, 
greater variability in the mutants with respect to leaf area 


SUMMARY 


A preliminary study has been made of variation and correlation in 
leaf area in bud mutants of the Montmorency cherry. The results 
furnish a mere indication of greater variability in the mutant than in 
the normal form and they suggest the probability that the variance 
in the mutant, as determined ‘by intraclass correlation, is to a higher 
degree concomitant. The results give no apparent support to the 
hypothesis that a bud mutant may vary more heterogeneously than 
the normal form and therefore be especially predisposed to give rise 
to other mutations. 
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